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INTRODUCTION 
Recent theoretical work on solid helium (1-8) has re-emphasized 
the importance of the relatively large zero point energy of the solid 
(due to the light mass of the atoms) in relation to the potential energy 
of the closed electron shell interatomic forces. Many of the properties 
of both isotopes of solid helium (He^ and He^) are determined primarily by 
this uncommon energy balance - the relatively small binding energy of 
the solid is the difference of two large numbers (the zero point and 
potential energies) which are roughly equal in magnitude (8). The result 
is that the observed equilibrium molar volume of solid helium (about 
3 4 25 cm for He ) is more than twice that expected for a classical (no zero 
point energy) solid with atoms of the same size (9). Thus, the effect of 
the zero point energy is equivalent to an extra repulsive force between 
I 
the atoms (10). In fact, as can be seen from Figure 1 (a representation 
of the phase diagrams of both the helium isotopes), zero point effects are 
3 4 
so important that neither He nor He solidifies without the application 
of pressures of the order 30 atmospheres. 
From Figure 1 it can be seen that both isotopes of solid helium 
exist in three crystallographic modifications; cubic close packed (ccp), 
hexagonal close packed (hep), and body centered cubic (bcc). The heavier 
inert gas solids on the other hand have been found to exist only with 
close packed structures." While energy differences between the close 
packed phases are small, Bernardes (2) has shown that the existence of 
Figure 1 is taken from Reference 11. 
3 
Figure 1. Phase diagrams for He and 
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4 
a bcc phase is energetically unfavorable in an inert gas solid with 
purely harmonic forces. More recently Nosanow (5, 6) has succeeded in 
taking into account the strong short range correlations which must exist 
between helium atoms. These correlations are important because of the 
very large ampllcude of the eero peine mâtien (ooma 30-40% of a l&tcio* 
spacing (4)). He has been able to show that the bcc and hep phases of 
solid indeed can have comparable energies, and hence, the bcc phase 
can be stable at low temperatures. As can be seen in Figure 1, the extent 
4 3 
of the bcc phase in He is much smaller than in He . Since the bcc 
phase almost certainly owes its very existence to the large zero point 
3 
energy (9), it is not surprising that He (with the smaller mass and 
hence, the larger zero point energy) has the larger extent of bcc phase 
stability. 
Another consequence of the large zero point energy in solid helium 
3 is its extremely large compressibility. The density of both solid He 
and He^ can be changed by about a factor of two under 2000 atmospheres 
pressure. Obviously, then, helium is an excellent substance for the 
study of "volume effects". In particular, since the lattice potential 
energy increases more rapidly than the zero point energy as the volume is 
decreased, the zero point energy will become relatively less important 
as the helium atoms are pushed closer together, and the solid should 
behave more "classically" as its density is increased. 
Still another interesting aspect of the heliums involves the 
4 difference in nuclear spin between the isotopes. He has four nucléons 
and zero nuclear spin, and hence should obey Bose-Einstein statistics in 
5 
3 
the fluid phase. He on the other hand has nuclear spin % (and therefore 
a magnetic moment) and should obey Fermi-Dirac statistics as a fluid. 
This difference in statistics is responsible for the very great difference 
in the properties of liquid He^ and liquid He^. He^ shows a superfluid 
transition (qualitatively explainable as a Bose-'Elnsteln condensation of 
3 the particles into the ground state (10)), while He is a relatively 
3 
normal liquid. The anomalous behavior of the He melting curve (a 
minimum can be seen at about 0.3°K in Figure 1) reflects the Fermi-Dirac 
type ordering of the spins in the liquid. The properties of the solid 
phases should not be expected to depend on the difference in statistics, 
of course, since the statistical treatments assume that the particles 
are indistinguishable (i.e., non-localized). The difference in nuclear 
spin is reflected, however, in the nuclear magnetic properties of solid 
3 
He , as given by the exchange interaction between the spins. 
A great variety of experimental work has been done on solid helium 
(the recent review articles by Dugdale (11) and Daunt and Edwards (12) 
give a comprehensive discussion). Data on the phase diagrams (i.e., the 
melting curve and its properties, phase .boundaries, and the crystal 
structures) have been^obtained by a number of workers using techniques 
which include the measurement of the volume change on melti^, specific 
heat, velocity of sound, x-rays, thermal conductivity, and nuclear 
susceptibility (see Reference 11 for a review of this work to 1963). 
Since 1963, Ahlers (13, 14) and Edwards and Pandorf (15, 16) have obtained 
melting and,phase diagram data on bcc and hep He^ using calorimetric 
techniques. 
6 
The most general method for obtaining precision thermal data on 
solid helium is by means of calorimetric measurements. The measurement 
of the specific heat at constant colume (C^) as a function of temperature 
and volume, along with one PVT relationship (such as for the melting 
curve) is sufficient to provide a complete thermodynamic description of 
a substance (11). Absolute values of the entropy and free energy depend, 
of course, upon a suitable extrapolation of the data to absolute zero. 
Heat capacity data for both solid He^ and He^ (over a temperature 
range of from 0.3 to 2°K and pressures to 1800 bars) were reported in 
1962 by Heltemes and Swenson (17). This work indicated anomalous behavior 
3 in bcc He at the higher temperatures which was analyzed by them as an 
excess specific heat in the form of an Einstein function with two degrees 
of freedom. This contribution was later confirmed by Edwards et al. (18). 
Heltemes and Swenson (17) also observed another anomalous contribution 
to at low temperatures in the higher pressure bcc runs and in the hep 
phases of both He^ and He^. This contribution made it difficult to 
determine the limiting low temperature form of the specific heat, although 
it could be analyzed as an apparent density-independent linear term of 
roughly the same magnitude for both isotopes. The work of Dugdale and 
Franck (9) on hep He^ and He^ covering the same density range but a 
different temperature range (from 3°K to the melting line) showed only 
slight indications of this linear term. Subsequent work by Franck (19) 
on He^ in this same density range but for temperatures between 1.3° and 
4.2°K also showed the presence of a linear term which was somewhat 
smaller than Heltemes and Swenson's (17). Franck found, however, that 
7 
the linear term could be substantially reduced by annealing the samples 
near the melting temperature. 
Recent measurements on both bcc and hep He^ have been made by Ahlers 
(13, 14) and Edwards and Pandorf (15, 16) for temperatures as low as 
0.3®K and pressures to 150 bars. These measurements agree quite well 
4 
with one another. The hep He data of these workers also agree with 
those of Heltemes and Swenson (17) and Franck (19) in this region, pro­
vided the "linear" contributions observed by the latter two authors are 
4 
considered as extraneous. Hence, the low pressure region of the He 
phase diagram (to 150 bars) is well understood. 
Edwards et al.. (18) working in the temperature range 0.06° to 1°K 
also have reported anomalous behavior in the specific heat of low 
3 
density bcc He which they attributed to the isotopic phase separation of 
4 
small amounts of He impurity. This was demonstrated further in their 
experiments (20) on samples with higher concentrations of He^ in He^. This 
anomaly appears as a very large specific heat bump at low temperatures 
with a tail extending to relatively high temperatures. In samples with 
4 
He concentrations of from 0.03% to 0.3%, this tail was apparent as an 
excess specific heat contribution at temperatures as high as 0.3°K. This 
3 
effect was not observed in the bcc He data of Heltemes and Swenson (17) 
where the He^ impurity was 0.03%. These experiments, however, were of 
relatively low precision, and did not extend to as low a temperature as 
those of Edwards £t al^. (18, 20). 
3 
In solid He , the exchange interaction between the spins eventually 
must produce an ordering of the spin system as the spin temperature is 
8 
lowered, since by the third law of thermodynamics the .entropy must go 
to zero at T = 0. At temperatures well above this "ordering temperature", 
the spins are randomly oriented and the solid is an ideal nuclear para-
magnet (i.e., it obeys Curie's law). This exchange interaction (denoted 
by J - an «nairgy, or J/k - a temperature) was calculated by Bè%n*tdem 
and Primakoff (1) to be antiferromagnetic and of the order 0.02°K near 
the melting density. Their calculation also indicated that the exchange 
energy would decrease with decreasing volume. More recent theoretical 
calculations (3-6) give values for j/k roughly an order of magnitude 
smaller than this. The value of J in principle can be determined by 
nuclear magnetic resonance techniques (NMR) as well as specific heat 
measurements. Recent NMR work (21-26) indicates that for densities 
near the melting line, Curie's law is obeyed down to temperatures as 
low as 0.04°K and that j/k is of the order of a few millidegrees or 
less. Very recently, Richards e^ a^. (25) have determined j/k to be a 
decreasing function of the density, starting with a value of about 
7x10 near the melting line (bcc phase), and falling to as low as 
10 for the low pressure hep phase. All of these measurements (21-26) 
are complicated by the fact that the thermal equilibrium times between 
3 
the spin system and the lattice in solid He can become extremely long 
at low temperatures. These relaxation times are of the order of 15 
minutes at 0,5°K for the hep phase, and somewhat smaller for the bcc 
phase. The temperature dependence of the relaxation times is roughly 
T ^ (25), so that with falling temperature the times soon become pro­
hibitively long for performing experiments. Moreover, there are 
9 
indications (21, 25) that these equilibrium times are substantially 
increased at low temperatures by the presence of He^ impurities, 
_2 
especially at higher densities. No T anomalies in the heat capacity 
work (the type to be expected for the onset of nuclear ordering) have 
been detected down to 0.06°K (17, 18, 20), although the existence of long 
spin-lattice relaxation times and the large He^-He^ phase separation 
anomaly (18, 20) would make their detection difficult. 
3 4 
Thermal conductivity measurements for solid He and He (as well as 
3 4 
work on He -He mixtures) have been carried out recently by Walker and 
Fairbank (27), Berman and Rogers (28), and Rogers (29). The thermal 
conductivity for both hep He^ and hep He^ seems to be "normal", while 
3 
that of bcc He is anomalously low at temperatures less than about 
1.5°K (27, 29). Berman and Rogers' work (28) on bcc He^ is in the T/0 
(6 = Debye temperature) region where bcc He behaves normally, and they 
also observe normal behavior for bcc He^ here. It has been suggested 
3 (29) that the anomalously low bcc He conductivity may be associated 
with the "excess" specific heat observed for this phase by Heltemes and 
Swenson (17) and Edwards et, âl" (18). Experiments on bcc He^-He^ 
mixtures (29) show this same anomalous behavior, and from them it is 
evident that the anomaly is not caused by small amounts of He^ impurity 
in the He^. 
3 
Measurements of the longitudinal sound velocity in solid He and 
4 
solid He have been reported by Vignos and Fairbank (30) and, more re-
4 
cently, shear wave velocity data on solid He have been obtained by 
Lipschultz and Lee (31). These data agree fairly well in magnitude with 
10 
the recent calculations of Nosanow and Werthamer (8), except that marked 
anisotropies are predicted for both longitudinal and transverse sound 
4 3 
waves in hep He and bcc He at low pressures (8), whereas such aniso-
4 
tropies are only observed in the bcc He shear wave velocities (31). 
None of the sxparimental work (30, 31) was done on oriented cryacala 
nor is it even certain that the samples studied consisted of single 
crystals or a few large crystals (although helium does tend to crystalize 
in this fashion (31)). Further sound velocity measurements on oriented 
crystals are necessary to determine the degree of elastic anisotropy of 
the various phases of solid helium. 
3 
Finally, recent measurements of (iP/iT)^ for bcc He have been 
made by Adams £t aJL. (32). Values for the thermal expansion coefficient 
and the compressibility derived from these data agree fairly well with 
those derived from the heat capacity of Heltemes and Swenson (17). In 
3 particular, the compressibility of the bcc phase of solid He is very 
large as compared with that of the hep solid or the liquid at the same 
volume, and it appears that the thermal expansion is everywhere positive 
contrary to earlier predictions (33, 34). Very recent measurements on 
4 
solid He also have been reported by Jarvis and Meyer (35). 
The main objective of this experiment was to obtain accurate thermal 
3 data for solid He in the low temperature - high pressure region of the 
phase diagram, since it is in this area where the existing data (10, 17) 
3 
for solid He are not in good agreement, and the limiting form of the 
specific heat at low temperatures is uncertain. It was decided also 
that it would be desirable to have the measurements span as wide an area 
11 
of the phase diagram as possible, in order that comparisons between 
this work and the existing He^ and He^ data at lower pressures and 
higher temperatures (10, 13-20) could be made. It also was hoped that 
3 
more accurate data on the bcc phase of solid He might provide further 
insight into the reasons for its many "anomalous" properties. 
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APPARATUS 
General Description 
The primary consideration in the design of the cryostat was the 
dflvelopmant of s single apparatus to obtain heat capacity data for 
solid helium over a wide range of temperature and pressure (0.2° to 
20°K and 40 to 2000 bars). This type of cryostat eliminates the 
ambiguities which would be involved in taking the low temperature data 
(below 1°K) in one apparatus and the higher temperature data in another. 
The major problems in the design involve cooling the sample to 0.2°K 
(using adiabatic demagnetization techniques) and subsequently being able 
to isolate the sample adequately at all temperatures involved. As will 
be discussed below, the necessary sample isolation only could be achieved 
by the use of a mechanical thermal switch and a superconducting thermal 
switch in series. 
The general description of the cryostat and its operation which are 
given below will be followed by a more detailed description of the 
various components. A sketch of the lower part of the cryostat is shown 
in Figure 2. A somewhat modified version which was used to calibrate 
germanium resistance thermometers below 1°K will be described in the 
section on thermometry. 
The vacuum can, which is surrounded by liquid helium at 4.2°K, is 
evacuated to a pressure of less than 10 ^ mm Hg to provide thermal 
isolation of the cryostat. Liquid helium is condensed into the helium 
pot and then is pumped down to temperatures on the order of 0.85°K. 
Figure 2. The lower portion of the cryostat 
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All parts of the experiment are shielded from temperatures greater 
than that of the helium pot by a copper-plated stainless steel shield 
which is connected to the pot. The various components inside this 
0.85°K shield are suspended by nylon threads from a stainless steel 
support framework which also is attached to the pot. Cooling below 
0.85°K is accomplished through the adiabatic demagnetization of a para­
magnetic salt (in this case ferric ammonium alum) which is connected 
to the helium pot through a superconducting lead valve (the bath valve) 
which serves as a thermal switch. The thermal conductivity of a super­
conductor is much less than that of a normal metal. Thus, when the 
superconductivity of this lead valve is destroyed by a magnetic field 
of about 900 gauss, the conductance of the valve is increased by two 
orders of magnitude at 0.85°K. The cooling salt is magnetized by apply­
ing a magnetic field of approximately 12 Kgauss using an iron-shielded 
superconducting solenoid which is mounted on the vacuum can. The sample 
3 is contained in a 1.2 cm beryllium-copper pressure bomb (the calorimeter) 
which is cooled through the mechanical thermal switch (MTS) and a second 
lead valve (sample valve). 
A typical heat capacity experiment proceeds as follows. The 
calorimeter is filled with high pressure helium at a temperature above 
the freezing point through the stainless steel filling capillary. A 
high pressure valve at the top of the capillary is closed and the 
calorimeter is cooled slowly. The temperatures marking the onset and 
completion of freezing are noted, since these are used to calculate the 
density of the sample. After the helium pot has been pumped down to less 
16 
than 0.9°K with a 12 Kgauss field applied to the salt and the bath 
valve on, the salt is isolated by turning the bath valve off. The cool­
ing salt then is demagnetized by decreasing the superconducting solenoid 
current slowly to zero. The demagnetization cools the salt to a 
temperature of lesa chart 0.1®K, tmd the ealerlmeter to a cemperacuca on 
-the order of 0.2°K. 
The calorimeter is now isolated using the sample valve and heat 
capacity measurements begun. Small amounts of heat are put into the 
sample with an electrical heater wound on the outside of the calorimeter, 
and the associated temperature change measured with the low temperature 
germanium thermometer (#1). When data have been taken up to about 0.5°K, 
the sample valve is turned on and, after the calorimeter has again cooled 
to 0.2°K, the sample is isolated by opening the MTS. Operation of the 
MTS warms the calorimeter to 0.4°K or less, at which point the data are 
continued to higher temperatures. Above 1°K, temperatures are measured 
with the high temperature germanium thermometer (#2). 
The bryostat 
The entire cryostat (the lower portion of which is shown in Figure 2) 
is inserted into an all metal dewar filled with liquid helium at 4.2°K. 
The dewar is supported by a framework attached to the wall in order to 
minimize mechanical vibrations of the cryostat which can cause serious 
heating problems at temperatures below 1°K. The tail of the dewar 
(surrounding the lower portion of the cryostat) consists of three con­
centric stainless steel tubes, the middle tube being maintained at 77°K 
17 
by means of many insulated copper wires running its length and 
connected to a liquid nitrogen bath above. This type of construction 
of the middle tube (rather than a solid copper tube) was necessary to 
avoid eddy current effects during the calibration of the germanium 
thermometers with a magnetic susceptibility thermometer as will be dis­
cussed in the thermometery section. 
The helium pot (Figure 2) is made from 1^ in. diam. stainless steel 
tubing with a copper bottom. Two % in. diam. stainless tubes running 
through the pot are used to pass out the MTS and filling capillaries 
and all electrical leads, all of these being thermally anchored to the 
helium pot before proceeding to the various parts of the cryostat. The 
3 internal volume of the pot is about 35 cm . The liquid helium in the pot 
is pumped through a % in. diam. stainless steel tube which terminates 
in a 1/32 in. diam. orifice at the pot. A separate h in. diam. vapor 
pressure sensing tube is connected to the pumping line just above the 
vacuum can joint at 4°K. The pumping tube is expanded to 3/4 in. diam. 
at 4.2°K and to 1% in. diam. at 77°K. At room temperature, the line is 
expanded to 4 in. diam. and connected to a high pumping speed oil diffusion 
pump (NRC B-4 Booster Pump - Type 126B) which in turn is backed by a 
mechanical rotary pump. A manostat (36) for controlling the pressure 
over the liquid in the pot is located in the line between the diffusion 
pump and the mechanical pump. Liquid helium is condensed into the pot 
by bleeding helium gas into the pumping line (surrounded by liquid helium 
in the dewar) at a slight overpressure. 
The purpose of the 1/32 in. orifice in the pot pumping line is to 
reduce superfluid liquid helium film-flow effects below the lambda point 
(2.17°K). In an apparatus such as this, these effects are almost 
entirely responsible for the loss of liquid from the pot, the magnitude 
of the loss being determined by the diameter and surface condition of 
the orifice (37). The first time the pot was pumped after cooling from 
room temperature, a liquid loss rate on the order of 0.7 cm /hr, was 
always obtained. Succeeding "condenses" usually caused the loss rate to 
increase - presumably due to contamination of the orifice surface from 
pump vapors or impurities in the condensed helium gas. The initial loss 
rate could be restored only by warming the pot to room temperature, and 
this usually was done after six or seven "condenses". 
All parts of the cryostat below the helium pot (see Figure 2) are 
suspended from a support framework attached to the bottom of the pot. 
This framework is made from one third of a 1% in. diam. stainless steel 
tube (produced by slicing the tube lengthwise) with stainless steel rings 
soldered at strategic places along the length of the tube section. The 
various parts of the experiment are supported by nylon threads passing 
through holes spaced around the perimeter of the rings. This arrangement 
provides a rigid support for the cryostat parts while allowing lateral 
access in assembling them. The longitudinal thermal conductance of the 
support framework was increased with strips of copper foil running the 
length of the framework and attached to it with G.E. 7031 adhesive. 
After the cryostat parts had been installed in the framework, a 
copper-plated stainless steel tube (the 0,85°K shield) is slipped over 
the framework and attached to the helium pot in order to shield the 
experiment from temperatures greater than that of the pot (see Figure 2). 
19 
In the region of the cooling salt, a lengthwise slit serves to 
reduce eddy current effects in the shield caused by changing the 
field of the large superconducting solenoid. A star-shaped phenolic 
spacer is attached to the bottom of the shield to prevent it from 
making good thermal contact with the vacuum can at 4.2^K. 
The three superconducting solenoids (for the cooling salt and the 
two lead valves) are wound from 0.010 in. diam. epoxy-insulated Nb-25% 
Zr wire (Westinghouse Corp.). The large cooling salt solenoid is wound 
on a brass coil form and encased in a 1/8 in. thick Armco iron shield 
with k in. thick end caps. The solenoid-iron shield assembly could be 
slipped on the vacuum can as a unit (Figure 2). Beside reducing the 
solenoid field outside the region of the cooling salt, the iron shield 
increases the field inside the solenoid by about 20%. With the shield on, 
the solenoid produces a field at the center of about 1.1 Kgauss per amp. 
The current through the large solenoid is controlled by the relatively 
simple circuit shown in Figure 3. Power is supplied by a bank of submarine 
batteries (8 volts D.C.) and the current may be varied by adjusting the 
25 ohm helipot. The one ohm rheostat in series with the solenoid is 
adjusted so that the maximum setting on the helipot gives the maximum 
desired current (about 11 amps in this case). Each of the valve solenoids 
had a -current supply identical to that shown in Figure 3 except that in 
these supplies, only one 2N1100 power transistor is necessary. Also, a 
200 ohm carbon pot was used in the sample valve control in place of the 
25 ohm helipot to reduce the noise (and consequent violent eddy current 
heating effects) produced by varying the current with the cryostat at low 
Figure 3. Superconducting solenoid current control circuit 
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temperatures. All of the control circuits were powered by the ' 
same bank of submarine batteries. 
The valve solenoids are wound on small phenolic forms (5/8 in. 
I.D. X 1 in. long) which were then attached to the support frame 
(Flguta 2), Slnea it is neeessary to make the junctions of the Nb-Zr 
leads to the current leads from room temperature in liquid helium, the 
solenoid leads are passed continuously out of the vacuum can through a 
special nylon and epoxy seal shown in Figure 4. Two Nb-Zr wires also 
are used for passing the sample heater current leads out of the vacuum 
can, making a total of six wires through the seal. A solenoid current 
of approximately 4.5 amps is necessary to drive the lead valves com­
pletely normal. 
The superconducting heat switches are made from lead wires which had 
been pressed between two flat plates to form a flat strip about 1% in. 
long and 0.006 in. thick, with short circular ends about 0.040 in. diam. 
The flat portions were trimmed to size and the ends soft soldered onto 
copper end pieces. This entire "valve assembly" then is soldered into 
place on the cryostat using Wood's metal, as is indicated in Figure 2. 
The ratio of the normal and superconducting thermal conductivities 
of lead is approximately proportional to T ^  below 2°K, being about 90 
at 0.85°K and 2500 at 0.2°K (38). These values were used to estimate the 
optimum dimensions for the bath and sample valves. For the bath valve, 
a sufficiently small conductance is needed to obtain good isolation of 
the cooling salt from the helium pot after the salt has been demagnetized, 
but the valve must be large enough to allow the heat of magnetization of 
Figure 4. Pass-through for Nb-Zr wires 
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the salt to be removed and the cryostat cooled to 0.85°K in a 
finite amount of time. The dimensions chosen for the valve (1.6 in. 
X 0.005 in. X 0.047 in.) allow the salt as well as the rest of the 
cryostat to be cooled to 0.85°K in about 1% hours. After demagnetiza­
tion, the salt stays below 8,15° for mere than three hours. The sise 
of the sample valve (1.5 in. x 0.006 in. x 0.078 in.) is chosen to 
provide adequate isolation of the calorimeter at low temperatures when 
the valve is turned off, while affording good thermal contact between 
the calorimeter and the MIS when the valve is on. 
Figure 5 illustrates the copper mechanical thermal switch (MTS). 
After construction, a thin gold plate was applied to the entire switch 
assembly to prevent oxidation of the jaw surfaces which can degrade the 
thermal conductance of the switch (39). The switch is operated by a 
"bicycle handbrake cable" arrangement made from two concentric stainless 
steel capillaries. As can be seen from Figure 5, the lower jaw of the 
switch is moved up and down when the inner steel capillary is moved 
with respect to the outer one (the outer capillary is rigidly attached 
to the framework above the switch as well as outside the dewar to 
prevent motion of the switch assembly when the switch is operated). 
Motion of the inner capillary is accomplished by means of a screw-type, 
0-ring sealed mechanism outside the cryostat. As is indicated in Figure 
5, all electrical leads and the filling capillary are anchored thermally 
at the switch (and hence, to the cooling salt) before proceeding to 
the calorimeter. 
The thermal resistance of the MTS (R) was measured twice at 4.2°K, 
Figure 5. Details of the mechanical thermal switch (MTS) 
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both times giving R = 600°K/watt (with the inner capillary under the 
"normal" degree of tension). Since the thermal resistance of pressed 
metallic contacts varies roughly as T ^  (40), the resistance is pre­
sumably several hundred times larger at 0.2°K, although no measurements 
of R were made at this temperature. 
The iron ammonium alum cooling salt crystals were powdered and 
mixed with a light silicone oil (Dow Corning 200 Fluid) to enhance the 
thermal contact between the salt crystals. This slush then was packed 
into the salt container (41), which consists of a thinwall stainless 
tube with a thin stainless steel bottom silver soldered on, and a set 
of six copper fins running the length of the inside of the container. 
The fins are connected at the top and bottom to % in. x 0.040 in. copper 
strips which come out of the ends for installing the salt in the 
cryostat. This arrangement facilitates thermal contact throughout the 
salt and gives a low thermal resistance of the salt cell as a unit. 
After the container has been loaded, the top end is sealed with an 0-ring 
cap and the cell is attached to the copper connecting pieces of the 
cryostat (also \ in. x 0.040 in. copper strips) with Wood's metal. The 
use of an oil as a thermal binder for the salt crystals also was quite 
effective in preventing dehydration of the crystals when the salt cell was 
stored at room temperature for extended periods of time. Approximately 
35 gm. of iron ammonium alum crystals are used in packing the salt. 
The Calorimeter 
The heart of the experiment is the beryllium-copper pressure bomb 
(the calorimeter) shown in Figure 6. After the copper fins (for better 
•> 
Figure 6. The calorimeter 
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thermal contact to the solid helium) had been silver soldered to the 
1/8 in. diam. copper rod, the rod and beryllium-copper screw cap were 
silver soldered into the calorimeter bottom, and a long length of 1/8 in. 
O.D. X 0.024 in. I.D. stainless steel high pressure tubing was silver 
soldered into the top. The calorimeter was then heated for about two 
hours at 600°F in order to bring the beryllium copper (Berylco 25, 
initially half-hard) to its maximum strength. The ridges around the 
body of the calorimeter are designed to add strength to the calorimeter 
while keeping the mass (and thus the heat capacity) as small as possible. 
The calorimeter was pressure tested to 40,000 psi before the 1/8 in. 
high pressure tubing was cut off to the proper length. The inside of 
the calorimeter was cleaned by rinsing with boiling water, and the in­
side volume determined by comparing the weight of the calorimeter filled 
with distilled water to the weight empty. 
A 0.018 in. O.D. x 0.010 in. I.D. stainless steel capillary (which 
was filled with a 0.008 in. diam. steel wire to decrease the capillary 
volume) was silver soldered into the 1/8 in. high pressure tubing through 
which the calorimeter could be filled. The volume of the calorimeter 
was calculated to be 1.025 t 0.001 cm^ (at 0°K and an internal pressure 
of 1 bar) after correcting for the volume occupied by capillary and silver 
solder in the section of 1/8 in. high pressure tubing, and for the volume 
thermal contraction of the beryllium-copper bomb (42). The filling 
capillary could be closed off just outside the dewar by means of a high 
pressure valve, and it is estimated that the total dead volume between this 
3 
valve and the calorimeter is about 0.06 cm . 
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Thermal contact to the calorimeter is made by a #16 copper wire 
soldered with Wood's metal onto the 1/8 in. copper rod and connecting 
to the sample valve (see Figure 6 and Figure 2). The two germanium 
resistance thermometers (#1 - for measurements below 1°K, and #2 - for 
work above 1®K) are attached to the 1/8 in. copper rod with copper foil 
and G.E. 7031 adhesive. Below 1°K, thermal contact to the thermometers 
is probably almost entirely through the copper thermometer leads. For 
this reason, care was taken to thermally ground all electrical leads to 
the calorimeter (shown in Figure 6) before taking them to the thermometers. 
The disposition of the calorimeter in the cryostat is shown in 
Figure 2. The calorimeter is suspended by the filling capillary from a 
short section of % in. x 0.040 in. copper strip which in turn is attached 
to the support framework with nylon threads. Two #16 copper wires which 
are silver soldered to the strip complete the heat path from the MTS to 
the sample lead valve (and^then to the calorimeter). The filling capil­
lary is wound into a small helix (half one way and half the other) be­
tween the copper strip and the MTS to decrease the possibly large thermal 
conductance between these points due to the solid helium in the capillary. 
During the calibration of the germanium thermometers on the calorimeter, 
the space between the MTS and the sample valve accommodated a paramagnetic 
salt susceptibility thermometer which was removed for the heat capacity 
measurements because of the rather large heat capacity (above 3°K) of the 
3 3 
nylon salt container (C/R = 256 T ergs/°K-cm ) (43), and of the oil used 
as a thermal binder for the salt crystals. These modifications of the 
cryostat for the germanium resistance thermometer calibration will be 
discussed more fully in the Thermometry section. 
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Heat was supplied to the calorimeter by means of a 2000 ohm heater 
which was wound on the calorimeter and attached thermally with G.E. 7031 
adhesive (see Figure 6). The heater was 0.001 in. diam., Formvar coated 
Karma wire (Driver-Harris Company) which was chosen because of its low 
temperature coefficient of resistance. Our measurements showed that 
the heater resistance varied by less than 0.5% over the entire temper­
ature range, having a minimum at about 4°K and a maximum at about 0.3°K. 
Manganin current and potential leads were attached to the heater in order 
2 to determine its resistance accurately. To correct for I R heating in 
current leads, one half of the resistance of the leads between the 
calorimeter and their anchoring point on the NTS was added to the 
measured heater resistance when calculating the amount of heat delivered 
to the calorimeter. 
Magnetic Refrigerator 
Before development of the cryostat as shown in Figure 2, a cyclic 
demagnetization process (magnetic refrigerator) was used for cooling 
samples below 1°K (38). The main differences between that apparatus and 
the present one are the addition of a terbium heat reservoir (high heat 
capacity below 1°K) mounted just above the MTS, and a third lead valve 
(the reservoir valve) between this heat reservoir and the cooling salt. 
The salt was alternately magnetized and demagnetized, the bath and 
reservoir valves being turned on and off to connect the salt first to 
the helium pot to dissipate the heat of magnetization, and then to the 
reservoir during demagnetization. Operation of the three superconducting 
solenoids (bath, reservoir, and cooling salt) was controlled by a 
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relatively complex automatic timing circuit which allowed two minutes 
for a complete cycle. In order to cool the salt back down close to the 
temperature of the helium pot after magnetization (in the thirty 
seconds or so available in the cycle), the bath valve had to be made some 
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rather fast warm-up rate of the salt (and therefore the sample) when 
the refrigerator was turned off. This made it more difficult to obtain 
precise heat capacity data at low temperatures. For this reason, the 
magnetic refrigerator technique was abandoned in favor of the present 
"single-shot demagnetization" process. 
For the highest heat capacity sample used in these experiments (one 
in which some of the latent heat of fusion had to be removed below 
0.85°K), it was necessary to "cycle" the present apparatus. This was 
done by opening the MTS after the sample was completely frozen, then 
magnetizing the salt and dissipating the heat to the helium pot, de­
magnetizing the salt back to the temperature of the sample, and finally 
re-closing the MTS and demagnetizing the salt completely. For all other 
heat capacity runs, the refrigeration content of the cooling salt was 
more than sufficient to cool the samples to 0.2°K in one demagnetization. 
Electrical Circuits 
Aside from the current controls for the superconducting solenoids 
(which have been described), three basic electrical circuits are 
associated with the operation of the cryostat: the carbon resistance 
thermometer circuit for monitering the temperatures of the two carbon 
resistors (shown in Figure 2), the germanium resistance thermometer circuit 
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for measuring the resistances of the germanium thermometers, and the 
sample heater circuit for supplying and measuring the heat delivered to 
the heater coil wound on the calorimeter. 
The carbon resistance thermometer circuit is illustrated in Figure 7. 
The resistances of the two carbon resistors (470 ohm h watt, "old 
Speer") mounted just above the MTS and the sample valve (#9 and #10 
respectively) are monitored by measuring the voltage across the resistor 
as well as that across a 10,000 ohm (j" 0.05%) resistor in series with 
them. Effects due to thermal emf's and rectifying contacts are 
eliminated by simultaneously reversing the current through the resistors 
and the sense of the voltage input to the potentiometer. Currents rang­
ing from 0.05 to 20 jJba could be obtained with the current selector switch. 
A Leeds and Northrup Type K-3 potentiometer is used to partially buck 
out the voltage being measured, the remainder being displayed on one 
pen (the blue pen) of a two-pen chart recorder which has a full scale 
sensitivity of one millivolt. This Type K-3 (blue pen) potentiometer 
also was used to measure all voltages in the sample heater circuit - the 
voltage selection being made by a twelve position, low thermal rotary 
switch. Three positions of this switch (numbered as indicated in 
Figure 7) are used for the carbon resistors. 
Figure 8 represents the germanium resistor circuit which is seen to 
be quite similar to the circuit for the carbon resistors. The two ger­
manium resistors GR665 (#1 - Honeywell, special order, for measurements 
below 1°K) and GR248 (#2 - Honeywell, Series IV, for measurements above 
1°K)-are connected to the rest of the circuit by copper leads from 
Figure 7. Carbon resistance thermometer circuit 
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4.2°K with only copper - copper pressed contact junctions in between. 
The thermometer current may be switched from one resistor to the 
other, and may be varied continuously from 0 to 100 (xa by means of the 
500 ohm helipot and the current selector switch. 
The voltage across one of the germanium resistors or across the 
current measuring resistor (10,000 ohms t 0.05%) is applied to a 0.1 |jiv 
resolution potentiometer (Guildline Instruments Type 9180) through 
three positions of a low thermal selector switch (Guildline Instruments 
Type 9145). A fourth position of this low thermal switch can be used 
to short the galvonometer terminals of the potentiometer. A high input 
impedance microvoltmeter (Keithley Instruments Type 150A) is connected 
to the galvonometer terminals of the potentiometer and its output (after 
being voltage-divided) is displayed on the second pen (the red pen) of 
thw two-pen chart recorder. During the heat capacity measurements, the 
gain of the microvoltmeter was adjusted by factors of ten to give a full 
scale sensitivity of from 1 to 1000 jxv on the recorder, depending on the 
temperature sensitivity of the germanium thermometer. The effects of 
thermal emf's, rectifying contacts, etc. could be eliminated by re­
versing simultaneously the thermometer current and the input to the 
potentiometer. Thermal emf's were typically a few tenths of a microvolt. 
The sample heater current was supplied using the circuit shown in 
Figure 9. As in the carbon resistor circuit, different values of 
current (between 10 and 3000 p,a) can be obtained with the current selector 
switch. The current is measured by sensing the voltage drop across one 
of the two precision resistors (500 and 10,000 ohms). The voltage drop 
Figure 9. Sample heater circuit 
42 
143 K 295 K 
600 K 
33.5 K 
Xy/s-sK 
HEAT PULSE 
SWITCH NO. I 
0-5K 
0-5K 
6 VOLTS 
500 Û 
*.05 % 
HEAT PULSE 
SWITCH N0.2 
DUMMY 
HEATER 1.6 K 51K 3 POSITIONS 
OF BLUE PEN 
POTENTIOMETER 
SELECTOR SWITCH 
TO TIMER 
•J 
-J 2K -1 
jiffigrm». 
HEATING COIL 
TO 
POTENTIOMETER 
AROUND (LEEDS A NORTHRUP) 
CALORIMETER (TYPE K-3) 
43 
across the heater also can be measured to determine its resistance, 
or to measure the power directly. Again, all voltages are indicated 
on the blue pen potentiometer through the potentiometer selector switch. 
In order to make accurate heat capacity measurements, the 
ealorlmocer muse be well laolated from ehù roat <j£ che ctyoatac ao that 
the resulting temperature drift is small (the ideal case being, of course, 
dT/dt =0). In practice however, this situation is almost never the case. 
For the "S-points" (those taken by isolating with the sample lead valve), 
this temperature drift is always negative (i.e., the sample cools between 
heat pulses). For the "M-points" (those taken by isolating with the 
MTS) on the other hand, dT/dt is initially positive, becoming negative 
when the calorimeter reaches the temperature of the helium pot. There 
are two distinct modes of operation of the sample heater circuit (Figure 
9) for the various cases of thermal drift mentioned above. When the 
heat leak to the sample is very small or when it is positive and not so 
small, the current to the heater is switched from the dummy heater (for 
maintaining current stability of the battery) to the heater, and back to 
the dummy heater at the end of the heat pulse by means of heat pulse 
switch #2 with heat pulse switch #1 left in the "up" position. This pro­
cedure supplies current to the sample heater during the heat pulse with 
no heat applied before and after the pulse. The heat pulse current is 
monitered during the heat pulse on the blue pen potentiometer. For the 
negative temperature drift cases, the heat leak to the sample may be 
cancelled out by reducing the heater current to a fraction of the full 
value before and after the heat pulse. This operation is accomplished 
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by leaving heat pulse switch #2 in the heat pulse position and starting 
and stopping the heat pulse with switch #1 (the fraction of the full 
current used for cancelling the heat leak is selected with the 5K 
helipot). The magnitude of the sample heater currents before, during, 
and afcer the heat pulsft are indicated by thti blue pen potentiometer. 
As can be seen from Figure 9, starting and stopping the heat pulse 
using either of the modes of operation described above generates a 
voltage pulse in a separate circuit which is used to start and stop an 
electronic timer(Computer Measurements Co. Model 225C Universal 
Counter-Timer). This timer then measures the heat pulse duration to an 
accuracy of one millisecond. Because "ringing" in the timer circuit 
when the heat pulse was started caused the timer to be turned off pre­
maturely (after about ten microseconds), the resistive-capacitive network 
was inserted to smooth the pulse going to the timer. The use of this 
network caused time interval measurement errors of less than one milli­
second. 
Pressure System 
3 
The high pressure He which is forced into the calorimeter is 
obtained using the pressure system shown in Figure 10. The low pressure 
gas was stored initially in six one liter containers at a pressure of 
about one atmosphere, and could be moved around using a sealed exhaust 
rotary pump (41). After the low pressure gas is purified (i.e., air 
and hydrogen) by cooling it to 4.2°K, it is admitted to the high 
pressure system and then is compressed in two stages to pressures of 
up to 2700 bars. 
Figure 10. The high pressure system 
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The high and low pressure cylinders both are made from 2 in. o.d. 
steel and have inner diameters of % and one inch respectively. The 
sample gas is separated from the oil used to transmit the pressure by 
0-ring sealed pistons. In the low pressure cylinder, the piston is 
connected to a rod which passes through a seal at the bottom of cylinder 
and to which a 100 pound weight is attached. This arrangement is 
necessary to provide force for the downward stroke of the piston when 
filling this cylinder with the low pressure (less than 1% bars) gas. 
Oil pressures of up to 27,000 psi are obtained using an automatic 
compressed-air pump. For pressures greater than this, a hand operated 
pump is used. The oil pressures in both cylinders are sensed with 
Bourdon gauges connected directly to the bottom of the cylinders. Care 
was taken to minimize the gas line volume on the high pressure cylinder 
side, and all lines and high pressure valves were filled with wires. 
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The system is filled with He (after first evacuating it) by ad­
mitting gas to the low pressure cylinder through the purifier, valving 
off the purifier, and then forcing the gas over into the high pressure 
cylinder. The high pressure cylinder is then valved off from the low 
pressure cylinder, and the process repeated. ' About seventy such cycles 
are required to transfer into the pressure system the roughly 3% liters 
of gas (STP) needed for the highest density run. Once the high pressure 
3 
system had been filled, the pressure (or density of the He ) in the 
calorimeter was adjusted by altering the piston positions in the gas 
cylinders. 
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THERMOMETRY 
General 
One of the most difficult tasks in any low temperature heat 
capacity experiment involves the calibration of secondary thermometers 
to be used in accurately measuring the necessary small temperature 
increments, as well as the absolute temperature. Since germanium 
resistance thermometers became commercially available, this task has 
been somewhat simplified because these thermometers retain their 
calibration to a remarkable extent upon successive cycling to low 
temperatures (44). A complete calibration of a germanium thermometer 
therefore needs to be done only once, with occasional checks at several 
temperatures to insure that the calibration has indeed remained un­
changed . 
The temperature scale used in the present experiments is defined in 
terms of the two germanium resistors (GR248 - #2, and GR665 - #1) on the 
calorimeter. This scale is based on four separate considerations: a 
calibration versus a constant volume gas thermometer (45) between 2° and 
32°K, a measurement versus the T^» helium vapor pressure scale (46) 
JO 
between 0.9° and 4.2°K, a comparison with precision copper heat capacity 
data between 1° and 21°K, and a calibration versus a magnetic thermometer 
between 0.14° and 4.2°K. The role each of these played is discussed 
below. 
Gas Thermometer and Helium Vapor Pressure Calibrations 
GR248 (#2) was calibrated from 1.9° to 32°K versus a constant volume 
gas thermometer as has been described elsewhere (45). Subsequently, a 
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calibration versus the T^g helium vapor pressure scale (46) was 
performed to extend the above calibration to 0.9°K. No systematic 
differences between the gas thermometer calibration and the helium 
vapor pressure data were apparent in the overlap region (1.9° to 4.2°K) 
of the two measurements. All of the calibration data between 0.9* and 
20°K were combined and fitted^ to an equation of the form 
A. exP(-Bn/T) . (1) 
This relationship fitted all but seven of the more than 160 data points 
with a precision of 1" 0.16%. A smooth curve was drawn through the 
T-T^^^^ versus T deviation plot (Tg^lc ^^^fined as in Equation 1). This 
curve subsequently was used to "correct" all temperatures calculated 
with Equation 1. 
Copper Heat Capacity Experiment 
Heat capacity data were obtained for a 1.7 mole sample of pure 
copper (American Smelting and Refining Co., 99.999% purity) using an 
apparatus similar to the present one, with GR248 (#2) being used to 
measure temperatures. Two separate experiments were performed, with 
two different sets of addenda. The precision of both experiments was 
somewhat poorer than is possible in the present apparatus. The first 
set of data (CU 11184) was reliable only above about 2.75°K due to a 
^Appreciation is expressed to Dr. W. N. R. Stevens who performed 
the fit. 
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very large heat leak to the sample. The second set of data (CU 03015) 
was taken in a modified apparatus at temperatures down to 0.9°K and was 
of somewhat better quality. The data from this second run were fitted by 
least squares from 1.4°K to 4.2°K to an equation of the form 
C = XT + PT^ . (2) 
The results of this fit gave X'= 0.696 j" 0.004 mJ/mole-°K^ and p = 
0.0482 j* 0.0006 mj/mole-°K^, in good agreement with the values y= 0.697 
^ 0.005 mj/mole-°K^ and p = 0.0478 t 0.0009 mJ/mole-°K^ obtained by 
Manchester (47) as reported by Franck, Manchester, and Martin (48). 
A deviation plot of all the data up to 7.5°K for the two runs is 
shown in the top portion of Figure 11. As can be seen, there are two 
"anomalies" in the copper data. Below about 1.5°K, the data rise above 
the "fit" by several percent, while near 5°K there is a similar but 
opposite effect. As will be explained below, the low temperature anomaly 
was partially corrected by the magnetic thermometery calibration. The 
second anomaly is believed to be due to an error in the original gas bulb 
thermometer data, possibly because of adsorption effects. Other heat 
capacity data taken in this laboratory with different germanium 
thermometers calibrated in the same experiment show similar effects (49). 
The magnitude of this specific heat anomaly implies that Equation 1 is in 
error by as much as 25 x 10 between 4° and 6°K. 
Since the "correct" calibration of GR248 would presumably give a 
smooth versus T curve for capper, an arbitrary multiplicative 
Figure 11. Copper specific heat results 
* CU 11184 run 
• CU 03015 run 
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"correction factor" was applied to the copper data in order to bring 
them into agreement with Equation 2 between 4° and 6°K. This procedure 
is equivalent to correcting the temperature scale since errors in the 
slope of the temperature scale produce the same fractional errors in all 
heat capacity measurements. This same correction factor was subsequently 
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applied to all He heat capacity data. The results of applying the 
correction factor to the copper data (as well as the correction from the 
magnetic thermometer calibration) are shown in the lower portion of 
Figure 11. Figure 12 shows a plot of the Debye temperature versus temper­
ature for all the data above 1.5°K (the linear contribution has, of course, 
been subtracted) with the 4° to 6°K correction having been made. The 
average behavior of the data before the correction was applied is indicated 
by the solid line "hump". For comparison, the smoothed Debye 0 versus T 
data of Franck £t al^. (48) are indicated by the dashed line. The agree­
ment between the two measurements everywhere is better than 0.3% in 8 (or 
one percent in the specific heat). 
Magnetic Thermometry Calibration 
The temperature scale below about 1.3°K is based entirely on a 
calibration of both GR248 and GR665 against the magnetic susceptibility 
of a powdered specimen of cerium magnesium nitrate (CMN) (37). This 
work was done in the cryostat as shown in Figure 2 except that the CMN 
specimen was suspended in the region between the MTS and the sample valve. 
The susceptibility change (with temperature) of the CMN was determined 
with a set of mutual inductance coils which was slipped over the vacuum 
can. 
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Previous attempts to measure temperatures using the susceptibility 
of a paramagnetic salt at low temperatures had indicated several 
difficulties. Originally, the metal dewar system into which the 
cryostat was inserted contained a solid copper liquid nitrogen temper­
ature shield in the region of the susceptibility coils. It was found, 
however, that eddy currents produced in this shield by the primary coil 
of the mutual inductance coils in turn produced a relatively large voltage 
in the secondary coil. Hence, as was mentioned earlier, this copper shield 
was replaced with one of stainless steel with many insulated copper wires 
glued along its length for thermal conduction. This greatly reduced the 
eddy current effects caused by this shield. 
During preliminary calibration work, it was also noticed that a 
change in temperature of the stainless steel support framework from 0.85° 
to 1.2°K caused non-negligible changes in the magnetic coupling between 
the mutual inductance coils. These changes would have been indistinguish­
able from a change in susceptibility of the CMN during calibration, so 
during the actual calibration runs the support framework was held at a 
constant temperature (see Figure 2). 
The CMN crystals were powdered, mixed with Dow Corning 200 Fluid for 
thermal contact, and packed into a nylon salt container which had about 
seventy #36 copper wires spaced throughout the salt-oil mixture and 
attached to a copper screw coming out the bottom of the container. The 
container itself was in the form of a cylinder with internal dimensions 
3 0.795 in. diam. by 7/8 in. long (internal volume about 3.6 cm ), De­
magnetizing factor effects were negligible because of the small CMN 
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susceptibility. Thermal contact was made to the CMN specimen through 
the copper screw protruding from the bottom of the container. This 
screw was attached to the heat path between the MTS and the sample valve 
(see Figure 2). The salt container was suspended from the support frame 
by nylon threads in the same manner as the other cryostat parts. 
During the calibration, both germanium thermometers remained in 
position on the calorimeter. The #10 carbon resistor (shown in Figure 2 
between the MTS and the sample valve) was mounted between the MTS and 
the susceptibility thermometer. This resistor was used as a heater to 
maintain the CMN-sample valve-calorimeter assembly at a constant 
temperature above that of the cooling salt when the MTS was closed. The 
resistor also could be used to measure the temperature of the assembly 
when the MTS was in the open position. 
The mutual inductance bridge circuit used for measuring the 
susceptibility of the CMN specimen is shown in Figure 13 and is almost 
identical to a bridge circuit described by Sparks (50). Basically, the 
operation of the circuit is as follows. A current through the primary 
coil induces a voltage in the astatically wound secondary coil which is 
proportional (within an additive constant) to the susceptibility of the 
CMN specimen. At the same time, a voltage of the opposite sense is 
induced in the pick-up coil secondary, and a fraction of this voltage 
(selected by the ratio transformer) is used to cancel the secondary 
voltage. Thus, the setting of the ratio transformer is a measure of the 
susceptibility of the CMN. 
I 
Figure 13. The mutual inductance bridge circuit 
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The primary coil is about six inches long (4260 turns/meter) with 
booster coils at the ends to increase the magnetic field homogeneity. 
The center section of the secondary coil (around the CMN) has 1930 turns, 
each of the end sections has 1000 turns. The pick-up coil consists of 
28 turns wound on top of the secondary coil end sections. A primary 
current of 2.6 ma rms was used throughout these measurements, which 
1 
corresponds to a measuring field of about 0.14 gauss rms. With this 
measuring field and coil geometry, the effective bridge sensitivity was 
about 0.5 X 10 at 1°K. Since it was found that the bridge reading 
depended fairly strongly on the value of the primary current, it was 
necessary to monitor the current (by monitoring the rectified voltage 
drop across a precision resistor in series with the primary - see Figure 
13) and adjust its value when necessary. In this fashion, the primary 
current was regulated to better than 0.1% - an amount sufficient to keep 
the "current effect" less than the bridge sensitivity. 
The susceptibility of CMN obeys Curie's law (that is, it is propor-
-1 
tional to T ) down to the lowest temperatures involved in these ex­
periments. Thus, the absolute temperature T may be determined from the 
ratio transformer reading M using the equation 
M = A + B/T . (3) 
The calibration constants A and B are determined from the best straight 
line fit of M versus T ^ data between 1° and 4.2°K - T being determined 
with the existing calibration of GR248 in this region. As will be 
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explained below, errors in the existing GR248 calibration were dis­
covered so that the calibration constants were actually based on a fit 
between 1.3® and 4.2°K. In order to calibrate the germanium thermometers 
below 1.3°K, the resistance values are tabulated against the suscept­
ibility thermometer temperatur«s predicted by Equation 3. 
The actual calibration proceeded as follows. The calorimeter and 
susceptibility thermometer were first cooled to the lowest possible 
temperature (about 0.14°K) by a demagnetization of the cooling salt. 
Then with the MTS still closed, calibration points were taken by holding 
the temperature constant with the #10 carbon resistor. Since it had 
been observed previously that operating the MTS during a calibration 
could cause significant shifts in the bridge reading (presumably due to 
small changes in position of the various cryostat parts), the MTS was 
not opened during a given set of measurements from low temperatures to 
4.2°K. Also, great care was taken not to physically jar the dewar during 
a run. Three separate runs were made in this fashion. 
A fourth run was made entirely above 0.8°K and with the MTS open. 
The results of this run (which consisted of about 25 points roughly 
evenly spaced in 1/T) indicated systematic deviations in the existing 
GR248 calibration below about 1.3°K, as had been observed in the three 
previous runs. This deviation amounted to about 0.010°K at 0.9°K. The 
GR248 calibration was corrected as indicated by the magnetic thermometry, 
and the copper heat capacity data re-calculated. As can be seen in the 
lower portion of Figure 11, this correction brings the data points 
into much better agreement with Equation 2 below 1.5°K. 
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The GR665 calibration data were fitted to an equation of the from 
7 
In T = ^ A (In (R/R ))° , (4) 
n=0 
where B. la che raaiacanes, la the maximum tdslscanee, and T the 
absolute temperature. This equation fit the more than 60 data points 
between 0.14° and 2°K to a precision of about 0.15% in temperature. 
Again, a deviation plot was constructed and used to correct temperatures 
calculated with Equation 4. 
Unfortunately, it was discovered that during the calibration the 
thermal link between the calorimeter and the CMN specimen had a fairly 
large thermal resistance. This was due to the inadvertent use of a strip 
of something other than copper for one of the copper connecting pieces. 
The offending piece was replaced with copper for the heat capacity 
measurements. The high thermal resistance of this link (measured to be 
roughly 2.2 x 10^ T ^'^K/watt between 0.14 and 2°K) along with the heat 
input to the calorimeter (due to vibrations, electrical noise, etc.) 
caused a substantial temperature gradient to exist between the germanium 
thermometers and the CMN specimen at the very lowest temperatures. The 
heat input to the calorimeter was estimated from the decrease in CMN 
temperature obtained when the sample lead valve was turned off, and was 
- 8  
about 3 X 10 watts at the lowest temperatures. Assuming that this heat 
input remained constant for all temperatures, a correction was applied 
for the temperature gradient between the calorimeter and CMN produced by 
this heat flow across the measured thermal resistance. This calculation 
- 1  
yielded a "AT" which varied roughly as T and which had values of 
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about 3.6 X 10 °K at 0.2°K, and 0.6 x 10 at 1°K. This correction 
was applied to the deviation plot of the GR665 fit for calculating 
temperatures of the heat capacity data. 
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EXPERIMENTAL PROCEDURES 
Sample Freezing and Determination of Molar Volume 
The calorimeter was first used to make two heat capacity runs on 
solid He^, as well as twe "addenda" runs on the empty calorimeter. 
3 
Before admitting the He gas from the storage cylinders, both the 
calorimeter and the high pressure system were pumped for several days 
4 
until no He could be detected with a mass spectrometer type leak 
3 detector. After all the He had been transferred to the high pressure 
system (as described in the apparatus section), the calorimeter was 
filled to the desired pressure at a temperature somewhat above the 
freezing point for that particular pressure. 
Two distinct procedures were used for freezing the various samples. 
For the lower density specimens with freezing temperatures below 4.2°K, 
the cryostat is first cooled to liquid helium temperature and liquid is 
condensed into the helium pot. The temperature of the pot then is 
lowered by pumping on the liquid and the calorimeter is cooled to just 
above the freezing temperature. At this point, the pressure in the 
calorimeter (having dropped somewhat due to thermal contraction of the 
fluid) is brought back up to the desired value, and the calorimeter is 
closed off by the high pressure valve just outside the cryostat 
(see Figure 10). The helium pot is then cooled further and, since the 
calorimeter filling capillary is thermally anchored to the helium pot, 
a block of solid first forms in the filling capillary. The remainder of 
3 the cooling and the freezing of the He in the calorimeter thus takes 
place at essentially constant volume. 
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The temperature of the calorimeter is monitored continuously 
during the cooling and freezing process, and the upper and lower 
freezing temperatures (T^ and respectively) are noted as fairly 
sharp breaks in the slope of the cooling curve. The freezing times 
(i.e., the time required to remove the heat of fusion) were of the order 
of one hour for all samples except those with ^very low freezing temper­
atures where they were somewhat longer. As was mentioned previously, 
Tg and T^ are used along with the melting curve data of Mills and 
Grilly (34) and Grilly and Mills (51) to determine the molar volume 
(density) of the samples. The densities obtained from T^ and T^ 
always agreed to within a few tenths of one percent. 
For samples with freezing temperatures above 4.2°K, the procedure 
is somewhat different. Usually, the calorimeter is closed off at 20°K 
(liquid hydrogen temperature) with a pressure estimated to give the 
freezing pressure when the calorimeter is cooled to the desired freezing 
temperature. The liquid hydrogen in the dewar then is boiled away, and 
liquid helium is transferred into the dewar before the calorimeter has 
a chance to warm significantly above 20°K. Transferring the liquid 
helium forms a block of solid in the capillary outside the vacuum can, 
3 
and the subsequent cooling and freezing of the He again takes place 
essentially at constant volume. It should be noted, that liquid 
hydrogen is always used to pre-cool the cryostat from 77°K since the 
cryostat can be cooled from 20°K to 4.2°K by condensing liquid helium 
into the helium pot and, thus, the use of helium exchange gas is avoided. 
66 
On one occasion, a slightly different method was used to fill 
the calorimeter (for a sample with freezing temperatures above 4.2°K). 
The calorimeter was first filled at 20°K with a pressure which was 
known to be too great, and then liquid helium was transferred, the 
3 
eaiarimetep was eaeied, and eho He fpoaoA. Tha eaioriraoter nexc was 
thermally isolated with the MTS (see Figure 2) and was heated until the 
melting point was encountered. Because of the block of solid in the 
3 
capillary outside the vacuum can, no more He could be added to the cal-
3 
orimeter. Small amounts of He could, however, be removed from the 
calorimeter by lowering the pressure above the capillary block below that 
of the melting pressure of the solid at 4.2°K thus causing the block to 
3 
give way. Small "slugs" of He were bled from the calorimeter by ex­
panding the fluid above the capillary block into the small volume line 
between the two high pressure valves situated between the calorimeter 
and the high pressure system (see Figure 10). This process was performed 
several times until the desired freezing temperature was reached. The 
calorimeter then was re-heated above the melting temperature and frozen 
as described before. 
Once the density of the solid has been determined, the number of 
moles in the calorimeter is calculated from the known volume of the 
calorimeter as measured at room temperature and corrected for thermal 
expansion. As was mentioned previously, this volume was calculated to be 
1.205 ± 0.001 cm^. 
3 
Figure 14 (the V-T phase diagram for He ) shows the molar volumes of 
3 
the nine He runs for which we report data. The data for each run extend 
3 Figure 14. The V-T phase diagram for He - the dashed 
lines indicate the molar volumes of the 
nine runs made on He^ 
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from low temperatures (0.2° to 0.5°K) to a temperature close to the 
melting line. Four of the runs are entirely in the bcc phase, and 
3 three are entirely in the hep phase. The run at 19.05 cm /mole is 
predominantly in the hep phase, but the last data point is in the bcc 
phase. The run at 11.42 cm /mole also is predominantly in the hep 
phase, except that its last data point contains the hcp-ccp transition. 
As was mentioned earlier, two runs on hep He^ (at 12.23 cm^/mole) 
3 
were taken before any of the He runs. The purpose of these runs 
primarily was to check the annealing effects reported by Franck (19). 
The first run (HE4 01096) was taken on a sample which was frozen and 
cooled as quickly as possible. The second run (HE4 01116) was made after 
heating the previous sample well above T^ (the lower freezing temperature), 
slowly refreezing it, annealing the sample for one hour a few hundredths 
of a degree below T^ (about 14°K), and then slowly cooling to 4.2°K 
(taking about 14 hours for this process). Since the results of these two 
runs indicated no effects of annealing in the value of the specific heat 
3 
at low temperatures, no especial care was taken to cool the He samples 
3 
slowly. In all cases, the He samples were held just below the melting 
point for about 15 minutes (while calculating the lower freezing 
temperature) and then were cooled immediately to the lowest temperatures. 
Heat Capacity Measurements 
As was outlined in the apparatus section, the data are taken in the 
following manner. After the lowest temperature has been reached, the 
calorimeter is isolated using the sample valve and heat capacity 
70 
measurements begun. Data points taken when isolating with the 
sample valve are hereafter called "S-points" while those taken 
when isolating with the MTS are referred to as "M-points". Since the 
isolation provided by the sample valve is not exceptionally good, 
most of the S-points are taken while supplying heat before and after 
the heat pulses to cancel the negative heat leak to the calorimeter 
from the cooling salt. Efforts are made to keep all temperature in­
crements of the order of 5% of the absolute temperature. Thermometer 
currents are selected such that the power dissipation in the germanium 
resistor (GR665, #1) is always less than 5 x 10 watts. For example, 
at 0.2°K, GR565 has a resistance of about 3500 ohms, and a current of 
0.2 pa is used. 
When a temperature of 0.4° - 0.5°K has been reached, the sample 
valve is turned back on and the sample re-cooled. The MTS is now opened 
and, after the initial sharp warming of the calorimeter has stopped 
(usually below 0.3°K), data taking is resumed. For all M-points below 
about 8°K, the sample valve solenoid is left on. For some of the higher 
density runs, only M-points were taken. 
At a temperature of about 1°K, GR665 is switched out of the circuit 
and temperature measurements begun with GR248 (#2). The taking of heat 
capacity data then is continued to the melting line in the same fashion. 
On most occasions, an additional measurement of T was made to insure that 
m 
the density of the sample had not changed during the run due to slippage 
of the capillary block. The densities determined from this final T^ 
measurement always agreed with the initial density determinations to 
within a few tenths of one percent. 
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For both S-points and M-points, a continuous record of the 
germanium thermometer voltage was traced out by the "red pen" of the 
chart recorder, while the "blue pen" monitored the heater current. The 
thermometer current was checked sufficiently often so that interpolated 
values were precise to at least 1:10 . 
The resistance of the 2000 ohm Karma heater wound around the 
calorimeter was observed to shift by as much as %% in resistance on 
thermal cycling and for different calorimeter pressures. It also was 
found, however, that the resistance-temperature relationship could be 
reproduced to within a few hundredths of one percent by the addition of 
a constant "resistance correction" for .each run. Therefore, the re­
sistance correction for a particular run was determined by several 
measurements of the heater resistance during the run, and then values for 
the heater resistance were determined from the "standard" R-T curve. 
As was mentioned in the apparatus section, the resistance of the heater 
varied by about %% over the entire temperature range of these experiments, 
with a minimum resistance at about 4°K and a maximum at about 0.3°K. The 
resistance at 20°K was about the same as the maximum resistance. It is 
believed that the maximum in the R-T curve may be due to the onset of 
magnetic ordering in the Karma wire (which contains fairly large per­
centages of iron and nickel). This ordering may have been responsible 
- 2  for a rather pronounced T anomaly observed in the empty calorimeter 
heat capacity which will be discussed more fully in the next section,. The 
standard R-T curve of the heater was also corrected to take account of the 
heat generated in the heater current leads. The magnitude of this 
correction was less than %%. 
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Heat pulse times varied from as short as 12 seconds (for low 
temperature M-points where the heat leak to the calorimeter is large) 
to as long as 3 minutes at the higher temperatures. 
Data Analysis 
Three examples of the chart record for actual heat capacity data 
points are shown in Figure 15. Only the germanium thermometer voltage 
record (i.e., the "red pen") is shown on the drawings. In the top 
drawing (an S-point at about 0.35*K) the calorimeter is warming (that 
is the line is going to the left) before the heat pulse, the negative 
heat leak to the calorimeter having been more than compensated for by 
the heater operating at reduced power. The beginning of the heat pulse 
is noticeable as a very sharp increase in the warming rate of the 
calorimeter. As the voltage across the germanium thermometer decreases, 
the potentiometer setting is decreased in order to keep the recorder pen 
on scale. Two such changes are necessary for this S-point. The end of 
the heat pulse is evident as the point where the calorimeter stops 
warming and starts cooling. 
The warming (cooling) curves before and after the heat pulse are 
extrapolated to the center of the heat pulse (shown by the dashed 
lines), and and (the initial and final thermometer voltages) are 
determined by the potentiometer reading plus the recorder reading. For 
the point under consideration, E^ is given by 225.00 pV on the potenti­
ometer plus 3.36 iJiV on the recorder. The thermometer currents and 
time scales also are shown in the figure. 
Figure 15. Recorder chart showing three examples 
of heat capacity data points 
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The lower two portions of Figure 15 are M-points taken at quite 
different temperatures. It will be noticed that in both these 
points, there is a "relaxation" of the thermometer immediately following 
the end of the heat pulse before a straight line is established. This 
effect occurred in all points (including the S-points) to some extent. 
At low temperatures, it is believed that this behavior is due primarily 
to the warming of the section of stainless steel capillary (fairly high 
heat capacity and relatively poor thermal conductance) between the 
calorimeter and the anchoring point below the MTS (see Figure 2). For 
M-points, this section of capillary is part of the measured addenda and, 
hence, its heat capacity must by included. For the S-points, however, 
one would like to "ignore" this capillary heat capacity. This was 
accomplished (in cases where the S-points showed a relaxation effect) by 
drawing the cooling curve extrapolation line tangent to the cooling 
curve immediately following the heat pulse. This implies, incidentally, 
that if there are any "real" long relaxation time effects in the solid 
helium, they will tend to be ignored in the analysis of the S-points, but 
included in the M-point analysis. It is to be emphasized that for all 
M-points, sufficient time was allowed after the end of a heat pulse to be 
certain that the cooling curve had indeed become a straight line. There 
were, therefore, no ambiguities involved in the analysis of the M-points. 
The remainder of the heat capacity data analysis is performed by an 
IBM 360/50 computer. The input parameters for each data point are: point 
identification number, and E^, thermometer current, heat pulse time, 
heater resistance, heat pulse current, and the heater current before and 
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after the heat pulse. The specific heat results then are calculated 
from these parameters and other constants specifying the thermometer 
calibration (R versus T relation), the addenda heat capacity, and the 
number of moles of the particular sample. 
The computer calculation proceeds in a straightforward manner. 
First, the initial and final germanium thermometer resistances are 
computed, from which the initial and final temperatures of the heat pulse 
(and hence T and AT) are calculated. The heat delivered to the sample 
during the heat pulse (AQ) is computed, and the heat capacity at 
temperature T taken to be AQ/AT. The specific heat of the sample is 
then the heat capacity of the helium (i.e., the addenda heat capacity 
is subtracted) divided by the number of moles. From C^, values for 
2 C^/T, T , and Debye 0 are calculated and the results for each run printed. 
3 
All the He specific heat results (as well as those for the two runs on 
He^ and the two empty calorimeter runs) are given in the Appendix. For 
each run in the Appendix, the S-points are those above the dashed line 
(some runs have no S-points). For points where a negative value of 
was obtained, the Debye 0 was set equal to zero. When reading the 
Appendix, "E-04" should be interpreted as "x 10 etc. 
Besides calculating and printing the specific heat results, the 
2 
computer also plots C^/T versus T and Debye 0 versus T in several 
temperature ranges for each run, and punches the printed results on 
cards for possible further computer analysis. 
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RESULTS AND DISCUSSION 
General 
The ideal heat capacity experiment is one in which the addenda heat 
capacity (i.e., the heat capacity associated with the heater, thermometers, 
supports, etc.) is small and remains unchanged from run to run. In the 
present experiment the samples are changed by merely opening a valve out­
side the cryostat. In addition, the heat capacity of the addenda (the 
calorimeter, thermometers, connecting pieces, etc.) is measured under 
almost exactly the same conditions as when the calorimeter contains a 
solid helium sample. The present experiment is, then, nearly ideal in the 
sense that the addenda should indeed be the same for all runs and have 
the value as measured in the empty calorimeter runs. As will be explain­
ed later, the situation is not quite as simple as described above, due 
to possible "strain effects" on the calorimeter heat capacity, and to the 
relatively large addenda heat capacity (in relation to that of the solid 
helium) at some temperatures and pressures. 
Another complication in analyzing the results of the experiments was 
4 3 
the relatively large He impurity content in the He samples. Before the 
3 1 
experiments were begun, a mass spectrographic analysis of the He supply 
4 
showed the He content to be of the order of 0.03%. Two subsequent 
analyses indicated that the impurity content was 0.18% and 0.25%, the 
lower figure applying for all runs except that at 11.42 cm /mole. 
All the mass spectrographic analyses were performed by Mr. J. Flesch 
of the Ames Laboratory mass spectrometer group, courtesy of Dr. H. Svec. 
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Presumably, the contamination occurred during the "gas purification" 
stage described in the Apparatus section. This relatively high 
impurity content was not important except at the very lowest densities. 
In the discussion below, the heat capacity of the empty calorimeter 
will be treated first. Next, the low temperature helium results will be 
3 3 discussed and comparisons made between the phases of He and between He 
4 
and He . Finally, the higher temperature helium results and their im­
plications will be considered. 
The Empty Calorimeter 
As was mentioned earlier, the empty calorimeter heat capacity was 
measured in two separate runs from 0.16° to 20°K. All of the results are 
2 
shown in Figure 16 as a plot of C/T versus T . Here, and throughout 
this work, the unit of heat is the "calorie" and is defined to be equal 
to 4.186 joules. No systematic differences between the two runs were 
observed in their overlap region (0.3° to 0.9°K, M-points) so no 
distinction between them has been made in Figure 16. 
The calorimeter heat capacity data (which are given in the Appendix) 
were fitted by least squares in various temperature ranges to an equation 
of the general form 
C = -^ + VT + pT^ + ST^ + . . . . (5) 
T 
The S-points and M-points are treated separately since they represent dif­
ferent amounts of metal and therefore different heat capacities. The solid 
lines through the data points in Figure 16 represent the results of 
Figure 16. The heat capacity of the empty calorimeter 
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these fits. The value of C as defined by Equation 5 was subtracted 
from the total heat capacity during the He^ and He'^ analysis. 
- 2  
The T term in Equation 5 is due to magnetic ordering in the Karma 
heater wire or the stainless steel capillary, and was important only 
at the lowest temperatures. The terra linear in T is due to the 
electronic specific heats of the various metal parts of the addenda. 
While there is a great deal more beryllium-copper and copper than stain­
less steel in the addenda, the very large electronic contribution of the 
transition elements in the steel makes these parts contribute greatly to 
the total heat capacity at low temperatures. In fact, the section of 
stainless steel capillary between the calorimeter and the anchoring point 
below the MTS (see Figure 2) contributes about 7% of the total M-point 
3 
addenda heat capacity. The T and higher order terms are the lattice 
contributions to the addenda. It will be noticed that the M-points 
have a much larger lattice contribution than the S-points (i.e., a 
2 
steeper slope on the C/T versus T plot). This is undoubtedly due to 
the high specific heat of the lead sample valve (which has a Debye 0 of 
about 80°K) whose heat capacity is included in the M-points but not in 
the S-points. 
All the S-points above 0.24°K were fitted using only the first two 
terms of Equation 5. The scatter of the data points around the result­
ing fit equation is within + 1.5%. The M-points were fitted in three 
overlapping temperature ranges; 0° to 2,2°K, 2.2° to 13°K, and 13° to 20°K. 
_2 
For the lowest temperature range, the same T term was used as for the 
S-points (i.e., it is assumed that the Karma heater is responsible for 
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this anomaly). For the higher temperature fit ranges, the T ^ term 
was neglected. The scatter of the M-point data about the fit line 
is about 2% for the lowest temperature range. In the 2.2° to 13®K 
range, the scatter is 2% at the low temperature end and decreases to 
0.6% at the high temperature end. The high temperature range is fitted 
to better than Measurement of the M-point addenda heat capacity was 
complicated by very long relaxation times which were encountered above 
about 2°K. These relaxation times (whose source was discussed in the 
previous section) were of the order of 4 minutes at 2°K and as long as 
15 minutes at 20°K, thus making data taking rather tedious. With solid 
helium in the calorimeter, these times were effectively much shorter 
due to the increased thermal contact within the stainless capillary. 
Also, since the addenda gives a relatively small contribution to the total 
heat capacity above 10°K (where the poor thermal conductance of the lead 
valve is responsible for the long relaxation times), relatively little 
error is made by partially neglecting the very long relaxation time heat 
capacity of the addenda. 
As may be verified from the data in the Appendix, the calorimeter 
can represent a quite sizeable fraction of the total measured heat 
3 
capacity during the helium runs. For instance, for the run at 11.42 cm / 
3 
mole, the He contributes only about 2% of the measured heat capacity at 
0,3°K. At 20° K, however, the He^ contribution is of the order of 70% 
of the total. Since the heat capacity of the helium increases very 
3 
rapidly with decreasing density, the He -to-calorimeter heat capacity ratio 
is much larger for the lower density runs. 
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Low Temperature Results 
The Debye theory predicts that the lattice specific heat of a solid 
(at constant volume) is a function D(T/0), where D is the same function 
for all solids, and 0 is a "characteristic temperature" for the 
particular solid which is itself a function of volume, but is independent 
of temperature. While this "Debye approximation" is a reasonably good 
one over a quite wide range of temperatures, it does not precisely de­
scribe observed specific heats. It is possible, however, to represent 
Cy (the specific heat at constant volume) at a given temperature as an 
equivalent Debye 9 at that temperature by simply inverting D(T/6), thus 
coverting a plot of versus T into a plot of 0 versus T. The resulting 0 
versus T plot is, for most solids, only a slowly varying function of T. 
For- sufficiently low temperatures, the Debye 0 tends to a limiting value 
3 denoted by 0^. Since D(T/0) varies as (T/0) for T less than about 
2 0/20, 0^ may be determined by plotting C^/T versus T at low temperatures 
and taking the slope of the presumably straight-line behavior of the data. 
Alternatively, the 0 versus T plot can be extrapolated to T = 0 to obtain 
0 . 
o 
3 
The actual heat capacity data for all the He runs are shown in 
Figures 17 and 18 as plots of Debye 0 versus T/Q^, 0^ having been de­
termined by the extrapolation of 0 to T = 0 shown by the solid lines. 
Except at low temperatures (below T/0^ = 0.02), the mean scatter in the 
data is well within t 1% in 0. It should be noted that the highest 
3 
temperature point in the 11.42 cm /mole run includes the latent heat of 
the hcp-ccp transition, which explains the large apparent specific heat 
(i.e., small 0). 
Figure 17. The Debye 0 versus T/0 data for the 
hep He^ runs 
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Figure 18. The Debye 0 versus T/6 data for the 
bcc He^ runs 
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The behavior of all the 0 versus T/0^ curves is qualitatively the 
same. Starting at the melting line (indicated by the short vertical 
line at the end of each run), the Debye 0 increases with falling temper­
ature, reaches a maximum value at a T/6^ of about 0.025, has a relatively 
flat portion, and then fails again for T/6^<6.02, rather than remaining 
constant to absolute zero. For the hep phase (Figure 17), only the M-
points have been plotted. The S-points for these runs (some of the 
runs have no S-points) are, in general, scattered about and above the 
extrapolation to T = 0. For the bcc phase runs (Figure 18), both types 
of points have been plotted, and it will be observed that the M-points 
tend to "drop off" more rapidly with falling temperature than do the S-
points. All of the data points for all the runs are listed in the 
Appendix. 
The decrease in 0 at low temperatures is believed to be a character­
istic of the apparatus (except for the lowest density bcc runs). If this 
is the case, the effective addenda heat capacity must be different from 
- 2  
that measured in the empty calorimeter runs. For instance, the T 
anomaly observed for the calorimeter could be a function of calorimeter 
pressure, or more of the stainless steel capillary could be sampled due 
to the high thermal conductance of the helium it contains. It should be 
4 
noted that this same anomaly is present in the He results also. 
It is difficult to determine the exact form of the anomalous low 
temperature specific heat (which appears as the drop in 0 at low temper-
2 
atures in Figures 17 and 18). Figure 19 is a C/T versus T plot of the 
g 
11.42 cm /mole data below the maximum in 0. A constant 0 of 128.2°K 
Figure 19. The low temperature specific heat results 
for the 11.42 cm^/mole hep He^ run 
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would give the solid line, and the anomaly is evident as a rise of the 
data above this line with decreasing temperature. The inset of 
Figure 19 gives the low temperature behavior of the data, including the 
S-points. The dashed line represents the line which might be drawn 
3 through the data points If a linear term in the He specific heat 
(i.e., non-zero intercept on the C/T axis) were to be allowed. The slope 
of this line would give a Debye 0 (0^) of 129.5"K. The "linear terms" 
2 
obtained from all the C/T versus T plots are roughly an order of 
magnitude smaller than those observed by Heltemes and Swenson (17) and 
about a factor of three smaller than those found by Franck (19). 
The low temperature C/T versus T plot for the lowest density bcc 
run is shown in Figure 20. In this run (and possibly in the higher 
density runs) the low temperature anomaly must be at least partially due 
4 to the isotopic phase separation of the He impurities reported by 
Edwards ^  al^. (18, 20). The solid line is equivalent to the constant 
0^ = 19.64 of Figure 18. The dashed lines again are drawn to suggest the 
existence of a "linear term", with their slopes giving a value 0^ = 20.6 -
about 5% different from 0 . It is evident that in this run, the low 
o 
temperature anomaly coupled with the very fast departure of the specific 
heat from strictly "Debye like" behavior (i.e., constant Debye 0) will 
make it difficult to determine the "true" lattice specific heat at low 
temperature. The value of 0^ as given here must be too low, and a value 
of 20.1°K (t 0.3) is most probably correct. 
The systematic difference between the S-points and the M-points in 
all the runs (the S-points always give the lower specific heat - that is, 
Figure 20. The low temperature specific heat results 
for the 23.80 cm^/mole bcc He^ run 
93 
24 
22 
bcc He 
V = 23.80 CM^ 
V S-POINTS 
o M-POINTS 
20 
// 
// 
ô«= 19.64 
0.2 03 
94 
they do not drop as quickly in the 6 versus T/S^ plots) is taken to 
mean that the low temperature anomaly has a relatively long "equilibrium 
time". Therefore, in the bcc phase it is believed that the S-points 
more closely represent the "true" lattice contribution, and these 
points are the ones used to make the extrapolations in Figure 18. For 
the higher density bcc runs, the extrapolations based on the S-points and 
the maximum value M-points give the same 6^. 
We have chosen to ignore the low temperature anomalies, and in the 
remainder of this discussion will assume that the solid line extrapola­
tions in the 6 versus T/0^ plots (Figures 17 and 18) represent the "true" 
0 versus T relationships to within 1% (with the possible exception of the 
3 
run at 23.80 cm /mole). 
Various values of 0^ for He^ and He"^ are plotted in Figure 21 versus 
molar volume using a log-log scale. Our data are indicated by the solid 
circles. The data shown as open triangles are due to Franck (19), while 
those shown as open squares are from Edwards and Pandorf (15). The 
3 
smooth, solid curve drawn through the hep He data gives values for 
X = J, varying from about 2.0 to 2.6 as the molar volume varies 
o d in V 
from 11.42 to 19.05 cm^. 
4 
The dashed curve through the hep He data was obtained by dividing 
3 the ordinates of the He curve by 1.18. Good agreement exists between 
this dashed curve and the data of Franck (19) and Edwards and Pandorf (15), 
as well as with our own hep He'^ runs (both at 12.23 cm^/mole). For a 
classical, harmonic solid, one would expect for the same phase that 
^03^^04 ~ vf"v7™3 " ^4/3 = 1.154. In this sense then, the hep phases 
of solid helium behave much like those of a "classical" solid. 
Figure 21. 0^  versus molar volume for solid helium 
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A straight line has been drawn through the three smallest volume 
3 
bcc He points. For the run at 23.80, both 0 and 0' have been plotted 
o 0 
(0^ being the lower point). The value of 0 for this run is about 2%% 
3 below the line through the other bcc He points. The slope of this 
line gives a of about 2.2. 
The agreement of the present 0^ values with the data of Heltemes 
and Swenson (17) (not shown in Figure 21) is very good for the higher 
3 
volume portion of the hep phase of He . For the lower volume portion of 
this phase, their data fall below ours by as much as 15%, but it is in 
3 this region where their data were very uncertain. For bcc He , their 
data agree with ours at the lower molar volumes, but fall much faster 
with increasing molar volume, corresponding to a of about 2.5. At 
3 
a molar volume of about 24 cm /mole, their G^'s lie about 10% below the 
solid line of Figure 21. This discrepancy is outside the combined 
estimated experimental errors of both experiments, and probably reflects 
unsuspected errors in the earlier work. 
All of the 0^ values of these experiments are tabulated in Table 1, 
along with other pertinent data for each of the runs. As mentioned 
before, T^ and T^ are, respectively, the upper and lower freezing 
temperatures of the samples. The quantity <|> which also is listed for the 
bcc runs will be discussed below. 
High Temperature Results 
3 
The smoothed 0 versus T relationships for both hep and bcc He (the 
solid lines of Figures 17 and 18) are shown on "normalized" plots of 
98 
Table 1. Summary of specific heat results 
(°K) CK) 
V 
3 (cm /mole) 
n 
(moles) 
C
D
 
4> 
(°K) 
hep He^ 
2.983* 2.790* 19.05 0.0632 39.20 
5.575 4.613 17.13 0.0703 51.51 -  -  -  -
8.404 7.112 15.29 0.0788 67.89 -  - -  -
12.35 10.58 13.71 0.0879 87.05 - - - -
22.14 19.33 11.42 0.1055 128.19 
hep He'^ 
16.78 14.23 12.23 0.0984 95.2 - - - -
bcc He^ 
1.276 0.898 23.80 0.0506 19.64^ 6.64 
1.621 1.251 22.86 0.0527 22.10 7.95 
2.214 -1.798 21.46 0.0561 25.30 10.49 
2.874 2.417 20.18 0.0597 28.99 13.20 
%cc-hcp transition temperatures. 
more realistic value for this number is 20.1 ^  0.3°K as 
explained in the text. 
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0/6^ versus T/0^ in Figures 22 and 23. For the hep phase (Figure 22), 
the low temperature anomaly is indicated by the dashed line. The 
data for all volumes (including the hep He^ runs) are well represented 
by this line. The low temperature anomaly has not been indicated for 
tha bee phftna (figuïe 23) wheye ché iootaptc phaae eaparaclen causea che 
curves for the higher volumes to drop much faster than those for the 
lower volumes. The curve for 20.18 cm /mole agrees with the dashed line 
Q 
of Figure 22. The 0.*s of Dugdale and Franck (9) for hep He agree with 
ours to about 1% at higher temperatures (they do not go to low enough 
temperatures to determine 0^), our values being everywhere the lower. 
At higher temperatures, the reduced 0-T plots for bcc and hep He^ 
are qualitatively different. For the hep phase, the curves for the 
various volumes all lie on the same line (Figure 22) to within t %% for 
T/0 less than about 0.05. At still higher temperatures, the higher 
3 
volume curves start to drop away from the 11.42 cm /mole behavior. As 
4 3 
can be seen, the hep He runs are in quantitative agreement with the He 
behavior. Also, data for argon and krypton (52, 53) as reported by 
3 
Barron and Klein (54) are in essential agreement with the 11.42 cm /mole 
3 
He run on a 0/0^ versus T/0^ plot, although the scatter in these data is 
3 3 
much greater than we observe in He . At high densities then, hep He 
seems to behave much like the heavier (more "classical") inert gas solids. 
For the bee phase as shown in Figure 23, the curves for the various 
volumes nowhere fall on a single "reduced" curve, and for all volumes, 
they drop much more rapidly than the hep curves. The open circle of 
3 Figure 23 is one bcc phase point at 19.05 cm /mole. This was plotted 
Figure 22. The reduced 0 versus T relationships for 
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using a 6^ of 32.92°K which was obtained by extrapolating the bcc line 
on the 6^ versus V plot (Figure 21). The dashed line through this 
point is an estimate of what the 0/0 versus T/0 curve might look like 
o o 
3 3 
at 19,05 cm /mole, if He existed in the bcc phase at lower temperatures. 
The cross near the open circle is a "calculated" point which will be 
discussed later. 
The analysis of the higher temperature results was quite different 
3 for the hep and bcc phases of He . For the hep phase, the solid behaves 
in a nearly "classical" fashion for the higher densities, and the 
deviation from this classical behavior at lower densities is relatively 
small. The bcc phase on the other hand has a very large contribution to 
the specific heat at higher temperatures (as indicated by the rapid fall 
3 
of the curves in Figure 23) which is absent in the hep phase of He and 
in the other inert gas solids. In the discussion below, then, the 
hep and bcc phases are considered separately. The hep analysis is pre­
sented first. 
The hep results are analyzed in terras of a Griineisen relationship 
C„(V,T) 
(àS/àV)^ = (àP/àT)^ = p/k^ = y(V,T) ,(6) 
where p is the volume thermal expansion coefficient and k^ is the iso­
thermal compressibility. For most solids, %is a function of V, and 
varies slowly with temperature. The temperature dependence appears 
because V is a weighted average of the volume dependences of the fre­
quencies of the excited normal modes of vibration of a crystal (55). For 
a solid with purely harmonic forces, these frequencies (as well as their 
105 
weighted average) remain unchanged with volume and temperature, and 
X is zero. ^ is, then, a measure of the anharmonic terms in the 
effective crystal potential. Variations with volume of the shape of 
the 0 versus T relationship must reflect variations in the normal mode 
frequency distribution and, hence, must appear as changes in X . 
If the volume dependence of can be expressed in terms of a 
characteristic temperature (Cy(T/0^)), then it can be shown that 
y (V,T) reduces to )i (V) = -(d In 0 /d In V). This behavior would be 
o o 
implied if a single, "reduced" 0/0^ versus T/G^ curve were obtained for 
3 
all volumes of a solid (such as is obtained for hep He below T/G^ = 
0.05). If, however, has a volume dependence which cannot be de­
scribed in terms of a characteristic temperature, then X will have an 
explicit temperature dependence. 
In order to calculate the temperature dependence of X, the entropy 
3 (S) for hep He was calculated for each molar volume from the smoothed 
reduced 0 versus T plots (Figure 22). The results of this calculation, 
along with values for the internal energy (U), are shown in Figure 24. 
Smoothed values for and 0, as well as values for the molar volume, 
G^, T/0Q, and T also are shown. Again, the unit of heat is the calorie 
3 defined as 4.186 joules, V is in cm /mole, and T and 0 are, of course, 
in °K. U(0) is the internal energy of the solid at T = 0. The value 
of S given in Figure 24 does not include the nuclear spin contribution, 
and hence to obtain absolute values for the entropy, a constant factor 
R ln2 must be added. The last entry for each volume represents the 
3 
extrapolated values at the melting temperature, T^, except at 19.05 cm 
where the last temperature marks the onset of the hcp-bcc transition. 
Figure 24. Smoothed thermodynamic functions for 
hep He3 
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3 
The S(T/6^(V)) relationship for the 11.42 cm /mole run is 
selected as a "standard curve", and the quantity 
AS(V,T/0^) = S(V,T/e^) - 8(11.42,1/6^) (7) 
is calculated for each of the other runs. The results of this computation 
are shown in the middle curve of Figure 25. If S(V,T/0^) is differenti­
ated first with respect to T at constant V, and then with respect to V 
at constant T, Equation 6 can be written as 
y(v,T/e^) =V^(V) + (v/Cy)(aAs/Av)2/Q , (8) 
o 
where V^(V) is ( - d In Q^/d In V) as defined before, and is obtained 
from a graphical differentiation of Figure 21. The dependence of 
on volume is shown in the top curve of Figure 25. 
The middle curve of Figure 25 was used to obtain values of 
(àAS/iV)^^Q , and finally, the relationships between ^ / and T/6^ 
o 
were calculated for the different molar volumes. Within the precision 
of this calculation, the results for all volumes lie on the bottom curve 
of Figure 25. 
As can be seen, the temperature dependence of V is small, and its 
calculation cannot be made with any precision. The calculation does 
3 
show, however, that the reduced 0 versus T curves of hep He (Figure 22) 
can be explained very well in terms of a slightly temperature dependent 
Gruneisen Y. It should also be noted, that even though is known 
only to about 5%, the temperature dependence of ^ is still that shown 
in Figure 25 - i.e., V increases by as much as 7% (t 2%) as the 
temperature increases. 
Figure 25. The volume and temperature dependence 
of the Gruneisen constant for hep He^ 
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3 
As was done with the hep He results, S and U have been calculated 
for the bcc phase and are shown in Figure 26 which is similar in all 
respects to Figure 24 for the hep phase. Due to the very large deviations 
from "classical" behavior in the bcc phase, we have chosen (after Heltemes 
and Swenson (17)) to analyze the sharp drop-off of 0 with temperature 
(Figure 23) as being due to an "excess" specific heat (C^) above pure 
Debye behavior (i.e., 8/8^ = 1 for all T/6^). 
was calculated by subtracting the Debye specific heat correspond­
ing to T/9^ from the "smoothed" values of in Figure 26. The tempera­
tures for each volume then were "scaled" by an arbitrary factor oCin 
order to make a universal C^(T/oc) curve. Attempts were then made to 
represent this versus T/o< curve by an analytic form. The best 
results were obtained when the equation 
C^/R = (4>/T)^ exp(-*/T) (9) 
was used, where 4» is proportional to c< . The results of this fit are . 
shown in Figure 27. The values of <|) used for each volume are given by 
the point symbols in the inset of the figure, and these same symbols 
are used to identify the various volumes in the versus T/cj) plot. 
The error bars indicate the uncertainty in caused by a 1% uncertainty 
in the total specific heat as given in Figure 26. The "dot-dash" line 
is given by Equation 9, and it can be seen that all the data agree fairly 
well with it. There are, however, systematic deviations of Equation 9 
from the "best fit" to the data as indicated by the solid line. 
Figure 26. Smoothed thermodynamic functions for 
bcc He3 
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Figure 27. The "excess specific heat" of bcc He 
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Equation 9 is not the same as was used by Heltemes and Swenson (17), 
who found it necessary to include a factor of 2 on the right hand side 
of the equation. A fit of the data to this form was tried, but with 
much poorer results than were obtained using Equation 9. 
A aomewhae different also was calculated by subtracting the 
3 3 
"estimated" behavior of 19.05 cm bcc He (the dashed line of Figure 23) 
from the total specific heats in Figure 26, and fitting as before. Using 
this procedure, the data for the different volumes could not be made to 
coincide nearly as well as when was taken to be the excess specific 
heat above pure Debye behavior. The average results of this second C 
definition are shown in Figure 27 by the dashed lines. The "true" 
behavior of the excess specific heat then must be somewhere between these 
two approximations. 
By extrapolating the cj) versus V relationship obtained for the first 
definition of (the solid line in the inset of Figure 27) to 19.05 
3 
cm /mole, and extending the solid line versus T/4> curve, a value for 
3 (and hence the total specific heat) was calculated for 19.05 cm /mole 
and T = 3.027°K. This point is plotted as the cross in Figrre 23, and it 
can be seen that there is good agreement between it and the single data 
3 
point at 19.05 cm /mole. One can therefore with some confidence use 
the first excess specific heat analysis to predict the thermal behavior 
3 
of bcc He . It should be noted, however, that if Equation 9 is used to 
calculate (rather than the solid line of Figure 27), errors as large 
as 5% may be obtained in C^. The values obtained for c|) for the first 
C definition are listed in Table 1. 
X . 
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Little (if any) physical significance should be attached to the above 
analysis since in it, the "excess specific heat" is defined to be that 
above strict Debye behavior, or constant Debye 6. Since no other known 
solid has a constant Debye 0 as the temperature increases it is un-
reasonable to assume that bcc He will have. Hence, the very definition 
of is non-physical. 
Concluding Remarks 
In these experiments, we have obtained precise thermal data for both 
3 hep and bcc He from low temperatures to the melting line, and over quite 
a wide volume range. As a result, we have been able to determine the 
thermal equations of state of both phases to within two or three percent 
in Cy. It has been possible to do this using only a few (nine in all) runs 
because of the high precision of the experiments, and the possibility of 
using reduced forms for the thermodynamic functions. Because each run 
extended over a wide range of temperature, we have been able to construct 
a much more complete picture of the solid than was possible with the 
relatively imprecise, composite data of other workers (9, 17, 18, 20). 
The 0^ versus volume behavior for hep He^ is identical with the hep 
3 
He relationship (see Figure 21), providing that is divided by 1.18. 
As was pointed out, this number is very close to the "classical" value 
1.154 expected from a simple-minded "harmonic solid" picture. In addition, 
3 
the 0/0 versus T/0 curves for hep He are very much the same as that for 
0 0 
4 the one hep He run (Figure 22), and these curves closely resemble the 
experimental and theoretical curves for the heavier inert gas solids argon 
and krypton (54). The differences in the thermodynamic properties be-
3 4 
tween the hep phases of He and He thus seem to be dependent on the 
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mass difference in a simple way, and both the solids resemble in this 
fashion the more "classical" inert gas solids. This "normal" behavior 
of hep helium, and its seeming dependence to first order only on 0^(7), 
leads us to predict that the properties of hep He^ will be well de-
3 
acrlbed by our hep He results and the ralatlonshlp " 1.18. 
As further indication of "normality", our heat capacity data for 
3 
hep He can be analyzed so as to show a small Increase of the Grtineisen 
constant "Jf with temperature. This is the behavior which Is to be 
expected for most solids (55), and, indeed, such a temperature dependence 
of has been observed previously for normal solids only through thermal 
expansion measurements. 
3 
The bee phase of He does not behave in a "normal" fashion however, 
as is evident from the reduced 0-1 curves of Figure 23. One must conclude 
that the total specific heat of this solid contains a very strong 
anomalous contribution superimposed on a Debye-like behavior. The form 
of this excess specific heat (which is presumably due to some sort of 
excitation of the atoms in this relatively loosely packed phase) is diffi­
cult to determine due to the lack of knowledge about the exact form of 
the bee lattice specific heat for inert gas solids. 
It has been suggested (18) that the excess bcc specific heat Is 
associated with the formation of lattice imperfections such as vacancies 
and/or interstltials. Support for this view was derived from the rough 
agreement between the activation energies for self diffusion in the 
solid (as determined from NMR experiments) and the ^(V) derived from 
3 
Equation 9. The large zero point motions in solid He (of the order of 
120 
40% of a lattice spacing) imply strong short range correlations 
between the atoms, and indeed, such correlations must be involved in the 
very stability of the bcc phase. Thus, it is not clear just what would 
constitute a "vacancy" or "interstitial" in this solid, and the above 
point of view as to the source of the excess specific heat is probably 
not physically meaningful. Further theoretical work is evidently needed 
3 
on bcc He to determine the nature of the excitations which lead to the 
excess specific heat. 
While we are still bothered by a "low temperature anomaly" which 
has been interpreted by other workers (17, 19) as a linear term in the 
specific heat, this anomaly is considerably smaller than in the previous 
experiments (17, 19) and is believed to be an "apparatus effect" of un­
known origin, rather than a real contribution to the specific heat of 
the solid. Further experimental work is needed to clear up this point 
however. 
3 
In none of the He runs was the low temperature anomaly attributable 
^2 
to a T nuclear magnetic ordering specific heat. Due to the possibly 
very long spin-lattice relaxation times however, we cannot place any 
lower limit on the magnitude of the exchange interaction, J. 
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APPENDIX; SPECIFIC HEAT DATA 
All the specific heat data on solid helium and the empty 
calorimeter are given in this appendix. For all of the runs, the S-
points are abovp the horizontal dashed line. For runs in which there 
are no S-points, there is no dashed line. In reading the data sets, 
-4 
" X 10 " should be read for "E-04", etc. The Debye 6 has been set 
equal to zero for zero or negative values of C^. 
@30?*» y«23.80 (AND HB3 03026, SAME V) 
TP-1.2T7, PF«70Q PSl 
N« 5.0630E-02 HOLES 
NOTE - IP N=I&0000,C»HEAT CAPACITY 
INSTEAD OF SPECIFIC HEAT. 
POINT THERM. DELTA T 
(DEC) 
ADDENDA 
(CAL/DEG) 
C 
ICAL/MOLE-DEG) 
DE8V6 TH6TA 
(06G) 
249 I 0.00980 5.670E-05 7.964E-04 1.8396 01 
251 1 0.01257 5.799E-05 8.490E-04 1.8776 01 
259 1 0.01173 5.935E-05 9.726E-04 1.866E 01 
305 1 0.01049 6.097E-05 l.lOlE-03 1.8686 01 
309 1 0.01429 6.301E-05 1.2386-03 1.8876 01 
316 1 0.01296 6.513E-05 1.3616-03 1.9156 01 
320 1 .0.01579 6.766E-05 1.5616-03 1.9266 01 
325 1 0.01367 7.007E-05 1.7576-03 1.9366 01 
331 1 0.01565 7.286E-05 1.982E-03 1.9526 01 
340 1 0.01311 7.453E-05 2.1266-03 1.9606 01 
343 I 0.01705 7.754E-0S 2.4626-03 1-9566 01 
350 1 0.01533 8.071E-05 2-7996-03 1.964E 01 
359 I 0.01842 8.3866-05 3.1836-03 1.9656 01 
337 1 0.00863 S.209E-05 4-3236-04 1.7606 01 
339 1 0.00808 5.246E-05 5.1296-04 1-7306 01 
345 1 0.00784 5.300E-OS 5-6356-04 1.748E 01 
349 1 0.00748 5.361E-05 5.9116-04 1.7846 01 
353 1 0.00720 5.453E-05 6.7126-04 1-790E 01 
358 1 0.02034 5.5486-05 7.2016-04 1.8206 01 
400 1 0.00984 5.6S9E-05 7.9806-04 1.8316 01 
406 1 0.01197 5.800E-05 A.7656-04 1.857E 01 
410 1 0.01106 5.969E-05 . l.OOOE-03 1.8666 01 
437 1 0.00875 6.200E-05 9.317E-04 1.789E 01 
439 I 0.01048 6.4496-05 1.129E-03 1.788F 01 
T 
(DEC) 
0.22012 
0.22948 
0.23867 
0.24911 
0.26163 
0.27406 
0.28842 
0.30166 
0.31666 
0.32544 
0.34111 
0.35732 
0.37324 
0.17183 
0.17886 
0.18640 
0-19338 
0.20243 
0.21062 
0.21934 
0.22953 
0.24093 
0.22561 
0.24039 
C/T 
CCAL/K0LE-DE6SQ) 
3.618E-03 
3.700E-03 
4.075E-03 
4.422E-03 
4.731E-03 
4.965E-03 
5.411E-03 
5.825E-03 
6.260E-03 
6.533E-03 
7.217E-03 
7.833E-03 
8.529E-03 
2.516E-03 
2.867E-03 
3.023E-03 
3.057E-03 
3-316E-03 
3.419E-03 
3.638E-03 
3.819E-03 
4.152E-03 
4.130F-03 
4.69ftE-03 
TSQ (OEGSQ) 
4.845E-02 
5.266E-02 
5.697E-02 
6.206E-02 
6.845E-02 
7.511E-02 
8.318E-02 
9.lOOE-02 
1.003E-01 
1.059E-01 
1.164E-01 
1.277E-01 
1.393E 01 
2.9S2E-02 
3.199E-02 
3.475E-02 
3.739E-02 
4.098E-02 
4.436E-02 
4.911E-02 
5.268E-02 
5.B0SE-02 
5.090E-02 
5.f79E-02 
444 1 0.01378 6.893E-05 1.370E-03 
451 I 0.01555 7.456E—05 1.750E-03 
456 1 0.01322 7.914E-05 2.148E-03 
501 1 0.01204 8.321E-05 2.455E-03 
505 1 0.01573 8.689E-05 2.910E-03 
503 1 0.01907 9.141E-05 3.269E-03 
516 1 0.01703 9.644E-05 3.833E-03 
518 1 0.01482 1.003E-04 4.562E-03 
523 1 0.02016 1.048E-04 5.143E-03 
528 1 0.02346 l.lOOE-04 6.069E-03 
531 1 0.02057 1.153E-04 7.127E-03 
539 1 0.02709 1.209E-04 B.325E-03 
543 1 0.02321 1.268E-04 l.OOOE-02 
551 1 0.02542 1-331E-04 1.198E-02 
552 1 0.03229 1.406E-04 1.4B5E-0Z 
601 1 0.02710 1.483E-04 1.831E-02 
605 1 0.03001 1.556E-04 2.224L--02 
614 1 0.03067 1.633E-04 2.754E-02 
622 1 0.03058 1-715E-04 3.388E-02 
627 1 0.03383 1.799E-04 4.137E-02 
633 1 0.03432 1.889E-04 5.159E-02 
641 1 0.03343 1.980E-04 6.315E-02 
645 1 0.03674 2.077E-04 7.707E-07 
649 1 0.03024 2.171E-04 9.410E-02 
1.845E 01 0. 26452 
1.B82E 01 0. 29286 
1.889E 01 0. 31477 
1.916E 01 . 0. 33371 
1.901E 01 0. 35045 
1.934E 01 0* 37070 
1-944E 01 0. 39280 
1.913E 01 0. 40974 
1.925E 01 0. 42899 
1.916E 01 0. 45116 
1.905E 01 0. 47333 
1.897E 01 0. 49654 
1.872E 01 0. 52090 
1.850E 01 0. 54660 
1.818E 0\ 0. 57687 
1.785É 01 0. 60758 
1.753E 01 0. 63650 
1.711E 01 0. 66697 
1.673E 01 0. 69888 
1.637E 01 0. 73117 
1-592E 01 0. 76539 
1.555E 01 0. 79962 
1.5Z1E 01 0. 83580 
1.482E 01 0. 87039 
5.178E-03 6.997E-02 
5.976E-03 8.577E-02 
6.825E-03 9.908E-02 
7.356E-03 1.114E-01 
8.305E-03 1.228E-0L 
8.820E-03 1.374E-01 
9.759E-03 1.543E-01 
1.113E-02 1.679E-01 
1.199E-02 1.840E~01 
1.345E-02 2.035E-01 
1.506E-02 . 2.240E-01 
1.677E-02 2.465E-01 
1.920E-02 2.713E-0I 
2.192E-02 2.988E-01 
2.574E-02 3.328E-01 
3.014E-02 3.692E 01 
3.494E-02 4.051E-01 
4.128E-02 4.448E-01 
4.847E-02 4.864E-01 
5.658E-02 5.346E-01 
6.740E-02 5.858E-01 
7.898E-02 6.394E-0L 
9.221E-02 6.986E-01 
1.081E-01 7.576Ê-01 
HE3 022*6, V22.86 
TF«l.62l.t PF=I870 
N« 5«27l0£-02 MOLES 
NOTE - IF N«liOOOO.C«HBAT CAPACITY 
INSTEAD OF SPECIFIC HEAT. 
OINT THERM. DELTA T 
(DEGl 
ADDENDA 
(CAL/DEGl 
C 
(CAL/MOLE-DEG) 
235 1 0.01301 6.061E-05 7.105E-04 
238 1 0.01206 6.231E-05 8.222E-04 
244 1 0.01089 6.474E-05 l.OOOE-03 
247 1 0.01511 6.756E-05 1.120E-03 
252 1 0.01391 7.031E-05 1.2776-03 
257 1 0.01655 7.292E-05 1.4266-03 
304 1 0.01421 7.575E-05 1.655E-03 
309 1 0.01605 7.887É-05 1.879E-03 
322 1 0.01826 8.187E-05 2.073E-03 
327 I 0.02118 8.5776-05 2.4426-03 
332 I 0.01954 9.025E-U5 2.869E-03 
337 1 0.01634 9.392E-05 3.2776-03 
345 1 0.02166 9.784E-05 3.6996-03 
350 1 0.02453 1.025E-04 4.316E-03 
357 I 0.02578 1.075E-04 5.073E-03 
427 1 0.01872 8.724E-05 2.0716-03 
431 1 0.01537 9.605E-05 2.746E-03 
434 1 0.01793 1.022E-04 3.279E-03 
440 1 0.01486 1.105E-U4 4.173E-03 
444 1 0.02486 1.177E-04 5.2566-03 
449 1 0.02149 1.257E-04 6.2886-03 
452 1 0.02338 1.3266-04 7.430E-03 
456 I 0.03112 1.406E-04 9. 1696-03 
503 1 0.02620 1.494E-04 1.1338-02 
DEBYE THETA 
(DEC) 
2.142E 01 
2.128E 01 
2.105E 01 
2.1476 01 
2.162E 01 
2.181E 01 
2.1T3E 01 
2.184E 01 
2.206E 01 
2.201E 01 
2.207E 01 
2.205E 01 
2.214E 01 
2.210E 01 
2.203E 01 
2.13SE 01 
2.163E 01 
2.178E 01 
2.180E 01 
2.153E 01 
2.167E Ol' 
2.161E 01 
2.135E 01 
2-lllE 01 
T C/T T59 
(DEC) (CAL/MOLE-OEGSQ) (OEBSQ) 
0.24684 2.879E-03 6.0*3E:-02 
0.25740 3.194E-03 6.62i£-02 
0.27180 3.679E-03 7.3SS6-02 
0.28786 3.891E-03 8.283E-02 
0.30295 4.217E-03 9.I7fE-02 
0.31698 4.499E-03 I.OOSE-OL 
0.33183 4.987E-03 I.IBIE-Ot 
0.34793 5.400E-03 1.21IE-01 
0.36318 5.708E-03 1.3196-01 
0.38277 6.381E-03 1.4UE-0L 
0.40499 7.083E-03 1.6406-01 
0.42298 7.7476-03 1.7B9E-01 
0.44208 8.367E-03 1.954E-01 
0.46459 • 9.2896-03 2.15K-01 
0.48879 / 1.0386-02 2.3We-0l 
0.35203 5.883E-03 1.239E-01 
0.39108 7.023F-03 1.5ME-01 
0.41774 7.849E-03 1.7456-01 
0.45310 9.2106-03 2.053E-01 
0.48334 1.087E-02 2.3ME-01 
0.51649 1.2176-02 2.6WE-0r 
0.54445 1-3656-02 2.9&4E-01 
0.57706 1.5896-02 3.330E-D1 
0.61206 1.8516-02 3.7%6E-0l 
506 1 0.03359 1.5766-04 1.3446-02 
509 1 0-02B79 1.6606-04 1.6076-02 
513 1 0.03236 1.7436-04 1.94BE-02 
517 1 0.04034 1.843E-04 2.3916-02 
527 1 0*03826 1.956E-04 3.0036-02 
t3l 1 0,03599 2.0586-04 3.6376-02 
535 1 0.04439 2.1686-04 4.4846-02 
539 1 0.04774 2.298E-04 5.6266-02 
543 1 0.04821 2.4356-04 7.0356-02 
555 2 0.04715 2.5736-04 8.7186-02 
600 2 0.05155 2.7186-04 1.071E-01 
609 2 0.05197 2.8686-04 1.3366-01 
619 2 0.05865 3.0336-04 1.6686-01 
2.099E 01 0.64457 2.0856-02 4.1556-01 
2.079E 01 0.67742 2.3736-02 4.5896-01 
2.0436 01 0.70974 2.7446-02 5.037E-01 
2.0106 01 0.74767 3.1986-02 5.5906-01 
1.9696 01 0.79039 3.8006-02 6.2476-01 
1.9366 01 0.82845 4.390F-02 6.8636-01 
1.8956 01 0.86926 5.1586-02 7.5566-01 
1.8526 01 0.91649 6.1396*02 8.4006-01 
1.8116 01 0.96544 7.286E-02 9.321E-01 
1.7716 01 1.01387 • 8.5996-02 1.0286 00 
1.735E 01 1.06396 1.006E-01 . 1.1326 00 
1.6896 01 1.11519 1.1986-01 1.2446 00 
1.6466 01 1.17042 1.4256-01 1.3706 00 
SPECIFIC HEAT 
HE3 02236, V*21.46 
TF-2.214, PF=1280 
N« 5.61S0E-02 HOLES 
NOTE - IF N«1.0000.CsHEAT CAPACITY 
INSTEAD OF SPECIFIC HEAT. 
POINT THERM. DELTA T 
(DEC) 
ADDENDA 
(CAL/DEG) 
C 
(CAL/HOLE-DEGt 
D6BYE THETA 
(DEG) 
204 I 0.01339 6.188E-05 5.966E-04 2.344E 01 
209 I 0.01304 6.332E-05 6.102E-04 2.406E 01 
219 I 0.01815 6.511E-05 6.668E-04 2.428E 01 
226 I 0.01930 6.935E-0S 8.262E-04 2.4576 01 
234 I 0.01718 7.333E-05 1.009E-03 Z.4646 01 
240 I 0*01906 7.6586-05 1.148E-03 2.4866 01 
247 1 0.01500 7.994E-05 1.3176-03 2.4976 01 
302 1 0.01995 8.366E-05 1.5386-03 2.4976 01 
307 1 0.02395 8.774E-05 1.7496-03 2.5246 01 
313 1 0.02121 9.177E-05 2.028E-03 2.5246 01 
320 1 0.01880 9.570E-05 2.290E-03 2.536E 01 
328 1 0.02409 1.005E-04 2.698E-03 2.531E 01 
350 I 0.02042 9.198E-05 1.5626-03 2.491E 01 
356 I 0.02162 1.026E-04 2.2176-03 2.491E 01 
400 1 0.02767 l.llOE-04 2.7516-03 2.515E 01 
408 1 0.02286 1.2106-04 3.565E-03 2.519E 01 
411 1 0.02690 1.2806-04 4.1926-03 2.5266 01 
415 1 0.02354 1.3546-04 5.0046-03 2.5186 01 
420 1 0.02623 1.4246-04 5.7796-03 2.5216 01 
429 I 0.02769 1.5006-04 6.7996-03 2.5116 01 
433 I 0.03261 1.5776-04 7.8926-03 2.5096 01 
437 1 Ô.02889 1.6556-04 9.0316-03 2.5126 01 
441 1 0.03776 1.7406-04 1.0646-02 2.4956 01 
445 I 0.04328 1.8426-04 1.2736-0? 2.4796 01 
T C/T TSO 
(DEG) ICAL/MOLE-OEGSQ) (U6GS'J) 
0.25479 2.342E-03 6.492E-02 
0.26347 2.316E-03 6.942E-02 
0.27395 2.4346-03 7.505E-02 
0.29775 2.775E-03 8.865E-02 
0.31915 3.162E-03 1.019E-01 
0.33614 3.416E-03 1.130E-01 
0.35342 3.7266-03 1.249E-01 
0.37221 4.1336-03 1.3B5E-01 
0.39257 4.4546-03 1.541E-01 
0.41249 4-9176-03 1.701E-01 
0.43167 5.305E-03 1.863E-01 
0.45506 5.9296-03 2.071E-01 
0.37318 4.186E-03 1.393E-01 
0.41942 5.2B6E-03 1.759E-01 
0.45506 6.045E-03 2.071E-01 
0.49697 7.1746-03 2.470E-01 
0.52584 7.972F-03 2.765E-01 
0.55604 8.9996-03 3.092E-01 
0.58419 9.8926-03 3.413E-0L 
0.61435 1.1076-02 3.774E-01 
0.64499 1.224E-02 4. 160E-01 
0.67550 1.3376-02 4.563E-01 
0.70852 1.5026-02 5.0206-01 
0.74762 1.7036-02 5.5896-01 
451 1 0.03560 1.950E-04 1.519E-02 2.465E 01 
500 1 0.03689 2.077E-04 1.8746-02 2.437E 01 
503 1 0.03218 2-179E-04. 2.1856-02 2.419E 01 
508 1 0.04425 2.294E-04 2.5866-02 2.3966 01 
513 1 0.04671 2.429E-04 3.1166-02 2.3706 01 
525 2 0.06124 2.595E-04 3.9226-02 2.3296 01 
528 2 0.05044 2.7S9E-04 4.8256-02 2.2946 01 
533 2 0.06268 2.929E-04 5.9076-02 2.2596 01 
533 2 0.06767 3.126E-04 7.3826-02 2.2186 01 
551 2 0.06798 3.34SE-04 9.2736-02 2.1776 01 
600 2 0.06504 3.556E-04 1.147E-01 2.1366 01 
604 2 0.07894 3.790E-04 1.4286-01 2.0946 01 
611 2 0.08424 4.061E—04 1.7986-01 2.0526 01 
616 2 0.08434 4.343E-04 2.2536-01 2.010E 01 
627 2 0.11896 4.694E~04 2.932E-01 1.9586 01 
I 
0.78841 
0.83566 
0.87309 
0.91482 
0.96317 
1.02154 
1.07828 
1.13577 
1.20134 
1.27257 
1.34002 
1.41331 
1.49635 
1.58135 
1.68479 
1.927E-02 
2.242E-02 
2.503E-02 
2.827E-02 
3.235E-02 
3.839E-02 
4.475E-02 
5.201E-02 
6-145E-02 
7.287E-02 
8.559E-02 
I.OIOE-Ol 
1.202E-01 
1.425E 01 
1.740E-01 
6.216E-01 
6.983E-01 
7.623E-01 
8.369E-01 
9.277E-01 
1.044E 00 
1.163E 00 
1.290E 00 
1.443E 00 
1.619E 00 
1.796E 00 
1.997E 00 
2.239E 00 
2.SOIE 00 
2.839E 00 
SPECIFIC HEAT 
HE3 02266, V*20.18 
TF=2.874, PF=1900 
N« 5.97I0E-02 MOLES 
NOTE - IF N=l.OOOO,C=HEAr CAPACITY 
INSTEAD OF SPECIFIC HEAT. 
OINT THERM. DELTA T 
(DEC) 
ADDENDA 
(CAL/DEG) 
C 
(CAL/MOLE-DEG) 
DEBYE THETA 
(DEC) 
1221 1 0.01079 5.364E-05 8.580E-05 3.402E 01 
1223 1 0.01029 5.457E-05 l.Z3?e-04 3.I55E 01 
1230 I 0.00979 5.604E-05 1.461E-04 3.163E 01 
1232 1 0.01358 5.751E-0S 2-O60E-O4 2.961E 01 
1238 1 0.00960 5.S6BE-05 2.238E-04 2.988E 01 
221 1 0.01308 5.831E-05 2.350E-04 2.908E 01 
225 1 0.01242 5.974E-05 2.808E-04 2.853E 01 
232 1 0.01164 6.108E-05 3.008E-04 2.887E 01 
237 1 0.01457 6.312E-05 3.S11E-04 2-879E 01 
242 I 0.01728 6.524E-05 4.001E-04 2.8876 01 
246 1 0.01218 6.745E-05 4.650E-04 2.872E 01 
253 1 0.01647 7.013E-05 5.371E-04 2.8776 01 
257 I 0.01475 7.295E-05 6.106E-04 2.8956 01 
302 1 0.01723 7.637E-05 7.038E-04 2.9176 01 
307 I 0.01507 7.942E-05 8-317E-04 2.886E 01 
320 I 0.01676 8.262E-05 9.436E-04 2.898E 01 
325 1 0.01451 a.533E-05 1.051E-03 2.9006 01 
331 I 0.01495 8.7@8E-05 1.164E-03 2.895E 01 
336 1 0.01502 9.065E-0S 1-285E-03 2.899E 01 
359 I 0.01193 7.9898-05 7.072E-04 2.767E 01 
401 1 0.01700 8.850E-05 9.415E-04 2.8276 01 
406 I 0.02030 9.980E-05 1.369E-03 2.8426 01 
409 1 0.02336 1.090E-04 1.695E-03 2.903E 01 
418 1 0.02262 1.228E-04 2.484E-03 2.885E 01 
T C/T TSO 
(DEC) CCAL/HOLE-DEGSO) CDESSa) 
0.19376 4.428E-04 3.754E-02 
0.20282 6.082E-04 4.1136-02 
0.21507 6.791F-04 4.6256-02 
0.22611 9.147E-04 5, 1156-02 
0.23422 9-553E-04 5.48&E-02 
0.23168 1.014E-03 5.36*6-02 
0.24126 1.164E-03 5.8206-02 
0.24980 1.204E-03 6.2406-02 
0.26228 1.33BE-03 6.87*6-02 
0.27470 1.4566-03 7.54*6-02 
0.28727 1.6196-03 8.2526-02 
0.30201 1.778E-03 9.12*6-02 
.0.31710 1.925F-03 1.00*6-01 
0.33505 2.100E-03 1.1236-01 
0.35073 2.371E-03 1.2306 01 
0.36699 2.571E-03 1.3476-01 
0.38060 2.760E-03 1.449E-01 
0.39329 2.960E-03 1.5476-01 
0.40698 3.158F-03 1.6566-01 
0.31832 2-222E-03 1.0116-01 
0.35772 2.632E-03 1.2B0E-01 
0.40740 3.359E-03 1.6696-01 
0.44685 3.7936-03 1.997E-01 
0.50458 4.9246-03 2.54&E-3Ï 
422 I 0.02340 1.315E-04 3.068E-03 OD
 
01 
425 1 0.02754 1.394E-04 3.624E-03 2.885E 01 
433 1 0.03017 1.498E-04 4.283E-03 2.927E 01 
437 1 0.03019 1.593E-04 5-430E-03 2.870E 01 
443 1 0.03553 1.6956-04 6.322E-03 2.8946 01 
448 1 0.03123 1.789E-04 7.480E-03 2.879E 01 
4S5 1 0.04039 1.686E-04 8.891E-03 2.857E 01 
503 1 0.03589 1.986E-04 1.0Z7E-02 2.6576 01 
508 I 0.03133 2.081E-04 1.178E-02 2.849E 01 
513 I 0.03711 2.184E-04 1.3476-02 2.849E 01 
518 1 0.04798 2.308E-04 1.602E-02 2.826E 01 
524 I 0.04180 2.437E-04 1.878E-02 2.8156 01 
538 2 0.04821 2.571E-04 2.210E-02 2.796E 01 
544 2 0.06100 2.733E-04 2.649E-02 2.777E 01 
652 2 0.06709 2.930E-04 3.273E-02 2.750E 01 
555 • 2 0.05659 3.116E-04 3.936E-02 2.7276 01 
603 2 0.07053 3.314E-04 4.746E-02 2.701E 01 
606 2 0.06934 3.537E-04 5.799E-02 2.6696 01 
637 2 0.07744 3.825E-04 7.41BE-02 2.625E 01 
645 2 0.07665 4.081E-04 9.012E-02 2.595E 01 
652 2 0.06472 4.319E-04 1.073E-0I 2.5666 01 
656 2 0.08257 4.569E-04 1.270E-01 2.539E 01 
701 2 0.09182 4.868E-04 1.536E-01 2.509E 01 
706 2 0.09467 5.194E-04 1.873E-01 2.4736 01 
711 2 0.09453 5.530E-04 2.262E-01 2.441E 01 
720 2 0.09161 5.8716-04 2.710E-01 2.4076 01 
733 2 0.10099 6.238E-04 3.258E-01 2.3706 01 
737 2 0.08532 6.602E-04 3.8546-01 2.3366 01 
741 2 0.07449 6.939E-04 4.4346-01 2.3056 01 
SIHPLCTTER LOADED 
0.53969 5.683E-03 2.915E-01 
0.57209 6.334E-03 3.273E-01 
0.61385 6.977E-03 3.76&E-01 
0.65125 8.3376-03 4.241E-01 
0.69107 9.1486-03 4.776f-01 
0.72711 1.029E-02 5.2B7E-01 
0.76413 1.1646-02 5.839E 01 
0.80187 1.2816-02 6.430E-01 
0*83711 1.408E-02 7.0D7E-01 
0.87511 1.539E-02 7.65#E-01 
0.91980 1.741E-02 8.46bS-01 
0.96614 1.944E-02 9.334E-01 
1.01310 2.1826-02 1*02*E 00 
1.06908 2.478E-02 1.143E 00 
1*13605 2.881E-02 1.Z91E 00 
1.19797 3.2866-02 1.435E 00 
1*26261 3.7596-02 1.5ME 00 
1.33387 4.3476-02 1.7796 00 
1.42404 5.2096-02 2.028E 00 
1.50259 5.9976-02 2.2S8E 00 
1.57419 6-814E-02 2.4786 00 
1.64828 7.7066-02 2.7176 00 
1.73555 8.8486-02 3.012E 00 
1.82860 1.024E-01 3.Î44E 00 
1.92284 1.1766-01 3.69TE 00 
2.01640 I.3446-01 4.0&&E 00 
2.1:431 1.541E-01 4.4706 00 
2.20R43 1.7456-01 4.877E 00 
2.2A921 1.937P-01 5.2406 00 
SPECIFIC MEAT 
HE3 02148» V*19.0S 
TF=3.813* PF=2410 
6.3250E-02 MOLES 
NOTE - IF N=l.OOOO,C*HEAT CAPACITY 
INSTEAD OF SPECIFIC HEAT. 
POINT THERM. DELTA T 
(DEC) 
ADDENDA 
(CAL/OEG) 
C 
(CAL/MOLE-DEG) 
DEBYE THETA 
(DEC) 
320 1 0.07380 1.414E-04 li627E-03 3.820E 01 
326 1 0*03850 1.652E-04 2.372E-03 3.917E 01 
329 I 0.04159 1.790E-04 3.0576-03 3.8836 01 
334 1 0.04403 1.946E-04 3.8BIE-03 3.877E 01 
337 1 0.04741 2.092E-04 4.748E-03 3.875E 01 
345 1 0.04122 2.245E-04 5.7396-03 3.881E 01 
355 1 0.04309 2.409E-04 6.902E-03 3.889E 01 
410 2 0.04947 2.595E-04 8.2966-03 3.90BE 01 
416 2 0.05404 2.766E-04 9.7986-03 3.910E 01 
430 2 0.06112 2.962E-04 1*1596-02 3.9256 01 
440 2 0.07671 3.163E-04 1.3846-02 3.914E 01 
447 2 0.06831 3.380E-04 1.6406-02 3.914E 01 
455 2 0.07073 3.608E-04 1&959E-02 3.897E 01 
500 2 0.08078 3.855E-04 2.342E-02 3.8806 01 
510 2 0.07003 4.098E-04 2.7536-02 3.867E 01 
515 2 0.06203 4.312E-04 3.156E-02 3.853E 01 
52? 2 0.08027 4.564E-04 3.6686-02 3.839E 01 
535 2 0.08056 4.844E-04 4,3366-02 3.810E 01 
550 2 0.06052 5.090E-04 4.9646-02 3.791E 01 
557 2 0.09425 5.371E-04 5.778E-02 3.763E 01 
602 2 0.08973 5.703E-04 6,8656-02 3-727E 01 
615 2 0.10509 6.059E-04 fl.I72E-02 3.A88E 01 
10122 2 0.14984 6.420E-04 9.585E-02 3.658E 01 
630 ? 0.10929 6.B70E-04 I.153E-01 3.617E 01 
T 
(DEC) 
0.58011 
0.67448 
0.72773 
0.78670 
0.84102 
0.89719 
0.95610 
1.02140 
1.08046 
1.14681 
1.2133a 
1.28384 
1.35635 
1.43347 
1.50774 
1.57210 
1.64696 
1.72849 
1.79915 
1.87845 
1.97048 
2.06675 
2 . 1 6 1 6 8  
2.27306 
C/T 
(CAL/HQLE-OEGSO) 
2.805E-03 
3.517E-03 
4.20IE-03 
4.934E-03 
5.646E-03 
6.397E-03 
7.219E-03 
8.122E-03 
9.068E-03 
l.OlOE-02 
1.140E-02 
1.277E-02 
1.444E-02 
1.634É-02 
1.826E-02 
2.007E-02 
2.227E-02 
2.508E-02 
2.759E-02 
3.076E-02 
3.4A4E-02 
3.954E-02 
4.434F-02 
5.071F-02 
TSQ 
lOEGSai 
3.365E-01 
4.549E-01 
5.296E-0I 
6.189E-01 
7.073E-01 
8.049E-01 
9.141E-QI 
1.043E 00 
1.167E 00 
1.315E OC 
1.472E 00 
1.64BE 00 
1.840E 00 
2.055E 00 
2.273E 00 
2.471E 00 
2.ri2E 00 
2.988E 00 
3.237E 00 
3.529E 00 
3.fl83E 00 
4.271E 00 
4.671E OC 
5.I6TE 00 
650 2 0.12402 6.451E-04 1.911E-01 3.522E 01 
10140 2 0.14722 7.0706-04 1.2376-01 3.605E 01 
10149 2 0.12912 7.6916-04 __ 1.530E-01 3.560E 01 
16200 2 0.13004 8.295E-04' 1.833E-01 3.527E 01 
20211 2 0.09848 8.8516-04 2.1676-01 3.4806 01 
10312 2 0.04429 1.0586-03 6.994E-01 2.S80E 01 
2.62137 
2.31973 
2.45959 
2.58901 
2-70251 
3.02699 
7.2896-02 
5.3326-02 
6.2206-02 
7.0806-02 
8.0206-02 
2.311E-01 
6.8726 00 
5.3816 00 
6.050E OC 
6.703E 00 
7.30*6 OC 
9.163B 00 — — — tcc 
W 
Ul 
HE) 03086» V«17.13 
TFa5.575, PF'N.M. 
N» 7.0330E-02 HOLES 
NOTE - IF N»li0000,C«HEAT CAPACITY 
INSTEAD OF SPECIFIC HEAT. 
POINT THERM. DELTA T 
IBEG) 
ADDENDA 
fCAL/OEG) 
110 1 0.01311 5.187E-05 
1 0.01308 5.240E-05 
119 1 0.01248 5.352E-05 
122 I 0.01197 5.463E-05 
126 1 0.01101 5.575E-05 
130 1 0.01023 5.730E-05 
135 I 0.01017 5.910E-05 
141 1 0.00928 6.062E-05 
150 1 0.00926 6.229E-05 
154 1 0.01308 6.403E-05 
156 I 0.01248 • 6.609E-05 
205 I 0.01562 6.844E—05 
209 1 0.01459 7.095£^05 
213 1 0.01361 7.336E-05 
216 1 0.01276 7.568E-05 
220 I 0.01786 7.B48E-05 
228 1 0*01665 8.096E-0S 
233 1 0.01979 8.414E-0S 
239 1 0.01774 8.736E-05 
312 1 0.01326 6.669E-05 
314 I 0.01204 7.070E-05 
318 1 0.01040 7.6B3E-05 
324 1 0.01294 8.403E-0S 
329 1 0.01713 9.008E-05 
C OEBYE THETA 
ICAL/HOLE-OEG) (DEC) 
-5.9155-05 o
 
o
 
—4.6046—05 
o
 
Ô 
-2.9396-05 0.0 
-1.255E-05 o
 
o
 
9.041E-06 7.9106 01 
3.0116-05 5.5916 01 
2*8706-05 5.9956 01 
5.0766-05 5.1646 01 
4.7186-05 5.5146 01 
5.8706-05 5.3346 01 
5.6986-05 5.6266 01 
6.7546-05 5.5676 01 
6*6006-05 5.3766 01 
8.9036-05 5.5386 01 
1.059E-04 5.4266 01 
1&142E-04 5.5226 01 
1.335E-04 5.4346 01 
1*6096-04 5.3356 01 
1.8326-04 5.328E 01 
7.505E-05 4.637E 01 
1.206E-04 4.290E 01 
2.2326-04 3.8796 01 
2.035E-04 4.443E 01 
2.992E-Q4 4.224E 01 
T C/T TSQ 
(D6G) ICAL/M0L6-06GSQ) (OECsa; 
0.16478 -3.5906-04 2.7156-02 
0.17791 -2.5886-04 ' 3.1656-02 
0.19250 -1.5276-04 3.7066-02 
0.20328 -6.175E-05 4.1326-02 
0.21278 4.2496-05 4.5286-02 
0.22458 1.3416-04 5.0446-02 
0.23701 1.2116-04 5.6176-02 
0.24690 2.0566-04 6.0966-02 
0.25726 1.6346-04 6.6166-02 
0.26768 2.1936-04 7.1656-02 
0.27955 2.0386-04 7.8156-02 
0.29273 2.3076-04 8.5696-02 
0.30641 2.6076-04 9.3886-02 
0.31931 2.788E-04 1.0206-01 
0.33144 3.195E-04 1.099E-01 
0.34593 3.302E-04 1.197E-01 
0.35860 3.7226-04 1.2866-01 
0.37465 4.294E-04 1.4046-01 
0.39068 
0.25258 
4.688E-04 
2.9716-04 
1.5266-01 
6.380E-02 
0.27366 4.406F-04 7.4896-02 
0.30383 7.345C-04 9.2316-02 
0.33748 6.030F—04 1.1396-01 
0.36478 8.203E-04 I.*116-01 
332 L 0.01656 9.669E-05 2i645E-04 4.752E 01 
338 0.01994 1.035E-04 3.420E-04 4.688E 01 
342 I 0.01803 1.093E-04 3.844E-04 4.772E 01 
348 I 0.02473 1.160E-04 4;545E-04 4.797E 01 
352 1 0.02261 1.221E-04 5.952E-04 4.617E 01 
403 I 0.02703 1.359E-04 6&892E-04 4.890E 01 
406 1 0.02421 1.424E-04 7i850E-04 4.903E 01 
412 1 0.03345 1.5Q5E-04 8.914E-04 4.961E 01 
421 I 0.03073 1.596E-04 1.042E-03 4.984E 01 
424 1 0.02841 1.670E-04 1.200E-03 4.965E 01 
433 I 0.03458 1.745E-04 1.335E-03 4.996E 01 
437 1 0.03993 1.843E-04 1.504E-03 5.054E 01 
446 I 0.04228 1.941E-04 1.770E-03 5.026E 01 
450 1 0.03886 2.047E-04 2.022E-01 5.050E 01 
456 1 0,04516 2.157E-04 2.318E-03 5.062E 01 
501 I 0.04123 2.273E-04 2«66lE-03 5.070E 01 
511 2 0.04221 2.368E-04 2.8646-03 5.1236 01 
514 2 0.03948 2.483E-04 3t263E-03 5.129E 01 
518 2 0.05130 2.612E-04 3i800E-03 5.100E 01 
523 2 0.04684 2.762E-04 4.311E-03 5.136E 01 
530 2 0.05542 2.912E-04 4.929E-03 5.142E 01 
534 2 0.05051 3.071E-04 5.585E-03 5.164E 01 
10854 2 0.04842 2.754E-04 4.369E-03 5.100E 01 
10900 2 0.05876 2.904E-04 4.981E-03 5.112E 01 
10907 2 0.06552 3.070Ê-04 5.652E-03 5.142E 01 
10914 2 0.06441 3.274E-04 7.227E-03 5.006E 01 
10924 2 0.05964 3.452E-04 7.6I3E-03 5.145E 01 
10932 ? 0.06948 3.659E-04 fi.8t0e-flT 5.146E 01 
10955 2 0.05762 4.186E-04 1.226C-02 5.152E 01 
0.39387 6.717E-04 1.551C-01 
0.42330 8.078E-04 1.797E-01 
0.44801 8.5A0E-04 2.007E-01 
0.47623 9.544E-64 • 2.26RC-01 
0.50146 1.187E-03 2.5156-01 
0.55778 1.2366-03 3.U1E-01 
0.58405 1.344E-03 3.411E-01 
0.61655 1.446E-03 3.801E-01 
0.65250 1-598E-03 4.25eE-0l 
0.68130 1.762E-03 4.6426-01 
0.71021 1.879E-03 5.044E-01 
0.74768 2.012E-03 5.59C€-0l 
0.78504 2.254E-03 Ji* 1&3E—01 
0.82460 2.452E-03 6.800E-01 
0.86497 2.680E-03 7.4B2S-01 
0.90716 2.933F-03 8.229E-01 
0.94160 3.063E-03 8.8666-01 
0.98231 3.322E-03 9.649Ê-01 
1.02757 3.698E-03 1.056E 00 
1.07920 3.994E-03 1.1&5E 00 
1.12990 4.362E-03 1.277E 00 
1.18300 4.721Ç-03 1.399E 00 
1.07647 4.058E-03 1.15SE 00 
1.12719 4.419E-03 l.ZTBE 00 
1.18279 4.778E-03 l.SWE 00 
1.24972 5.783E-03 1.S62E 00 
1.30687 5.825E-03 1.7ME 00 
1.37233 6.4?0F-03 I.ÔSÎE 00 
1.53420 7.994F-03 2.3S\E 00 
11000 2 0.07656 4.408E-04 1.399E-02 5.144E 01 
llOlO 2 0.08995 4.673E-04 1.618E-02 5.140E 01 
11015 2 0.07877 4.964E-04 1.884E-02 5.131E 01 
11023 2 0.10294 5.277E-04 2il93E-02 5.125E 01 
12028 . 2 0.08882 5.622E-04 2i605E-02 5.090E 01 
11033 2 0.10355 S.972E-04 3.046E-02 5.068E 01 
11040 2 0.10343 6.345E-04 3.563E-02 5.042E 01 
11045 2 0.09058 6.735E-04 4il4ie-02 5.019E 01 
11050 2 0.10556 7.166E-04 4.805E-02 4.989E 01 
11055 2 0.11410 7.657E-04 5.638E-02 4.952E 01 
11103 2 0.11932 8.195E-04 6W583E-02 4.925E 01 
12110 2 0.13612 8.811E-04 7.788E-02 4.886E 01 
11126 2 0.12808 9.499E-04 9.355E-02 4.826E 01 
11135 2 0.11653 1.017E-03 1.082E-01 4.800E 01 
11139 2 0.15165 1.093E-03 1.271E-01 4.756E 01 
11146 , 2. 0.16860 1.189E-03 1.523E-01 4.709E 01 
11156 2 0.14511 1.287E-03 1*7946-01 4.670E 01 
11201 2 0.18392 1.397E-03 2.121E-01 4.626E 01 
11209 2- 0.20393 1.538E-03 2.563E-01 4.579E 01 
11214 2 0.20798 I.702E-03 3.164E-01 4.500E 01 
11220 2 0.21225 1.880E-03 3.768E-01 4.465E 01 
11226 2 0.23707 2.086E-03 4.636E-01 4.376E 01 
1.60069 8.742E-03 
1.67887 9.639E-03 
1.76301 1.069E-02 
1.85226 1.184E-02 
1.94836 1.337E-02 
2.04357 1.490E-02 
2.14222 1.663F-02 
2.24212 l_847E-02 
2.34187 2.052E-02 
2.45210 2.299E-02 
2.56802 2.564E-02 
2.69441 2.890E-02 
2.82890 3.307E-02 
2.95369 3.663E-02 
3.08819 4.116E-02 
3.24828 4.687E-02 
3.40356 5.271E-02 
3.56662 5.946E-02 
3.76343 6.6Û9E-02 
3.97434 7.961E-02 
4.18857 8.997E-02 
4.41581 1.050E-01 
2.562E 00 
2.819E 00 
3.LOSE 00 
3.431E 00 
3.796C 00 
4.176C 00 
4.589C 00 
5.027t 00 
5.484E 00 
6.01* 00 
6.595C 00 
7.26* 00 
8.003E 00 
8.724C 00 
9.5375 00 
l.OSSE 01 
i.iset 01 
l.272f 01 
1.41&E 01 
1.58* 01 
1.754E 01 
1.95* 01 
specific HEAT 
HE3 03066» V»t5.29 
YF=8.404, PF» N.MJ 
N> 7.8Bp0E-02 HOLES 
NOTE - IF N=liOOOO,C=HEAT CAPACITY 
INSTEAD OF SPECIFIC HEAT. 
POINT THERM. OEtTA T 
leEG) 
ADDENDA 
fCAL/OEG) 
C 
ICAL/HOl E-DEG) 
DEBVE THETA 
(DEC) 
1044 I 0.01062 5.794E-05 2t089E-05 6.443E 01 
1046 1 0*01053 5.895E-05 1.790&-05 6.988E 01 
1050 t 0.01033 6.I16E-05 6.497E-06 1.039E 02 
1054 I 0.01001 6.358E-05 9.007E—06 9.865E 01 
1059 I 0.01409 6.603E-05 2i435E-05 7.461E 01 
not 1 0.01795 6.859E-05 3*0906-05 7-245E 01 
1111 1 0.01613 7.131E-05 3.579E-0S 7.246E 01 
1116 r 0.01467 7.398E-05 6.371E-05 6.254E 01 
1119 I 0.01421 7.645E-05 3.865E-05 7.684E 01 
2124 I 0.01937 7.949E-05 4.570E-05 7.605E 01 
1133 t 0.01762 6.204E-05 7.616E-05 6.652E 01 
1137 1 0.02141 8.543E-0& 7.542E-05 6.985E 01 
1143 1 0.02370 6.840E-05 7.502E-05 7.269E 01 
1149 1 0.02127 9.498E-05 8.767E-05 7.465E 01 
1154 1 0.02002 9.913E-05 1.026E-04 7.417E 01 
1205 1 0.01830 1.038E-04 1.051E-04 7.730E 01 
1236 1 0.01530 7.851E-05 5.400E-05 6.389E 01 
1238 1 0.01445 8.427E-05 6t888E-05 6.397E 01 
1244 I 0.01867 9.318E-05 1.095E-04 6.127E 01 
1247 t 0.01734 9.950E-05 1.329E-04 6.164E 01 
1251 1 0.01593 1.062E-04 I.730E-04 6.043E 01 
1255 I 0-01913 1.127E-04 2.522E-04 5.667E 01 
100 I 0.02239 1.202E-04 2.A94E-04 5.919E 01 
106 I 0.02474 1.281E-04 3.286E-04 5.904E 01 
T C/T rso 
lOEG) (CAL/MOLE-DEGSQ) (OEGSO) 
0.22913 9.117E-05 5.250E-02 
0.23602 7.583E-05 5.571E-02 
0.25033 2.595E-05 6.267E-02 
0.26503 3.399E-05 7.024E-02 
0.27923 8.720E-05 7.797E-02 
0.29356 1-052E-04 8.618E-02 
0.30837 1.161E-04 9.509E-02 
0.32254 1.975E-04 1.040E-01 
0.33545 1.152E-04 1.125E-01 
0.35110 1.302E-04 1.233E-01 
0.36406 2.092E-04 1.325E-01 
0.38108 1.979E-04 1.452E-01 
. 0.39585 1.895E-04 1.567E-01 
0.42819 2.047E-04 1.833E-01 
0.44836 2.289E-04 2.010E-01 
0.47103 2.231E-04 2.219E-01 
0.31183 1.732E-04 9.724E-02 
0.33857 2.034F-04 1.I46E-01 
0.37848 2.893E-04 1.432E-01 
0.40611 3.272E-04 1.649E-01 
0.43475 3.979C-04 I.H90E-01 
0.46231 5.455E-04 2.137E-01 
0.49361 5.457E-04 2.437E-01 
0.52607 6.2476-04 2.76RE-01 
111 1 0.02322 1.349E-04 3.664E-04 5.996E 01 
117 I 0.02866 1.420E-04 4.432E-04 5.9186 01 
124 1 0.02730 1.492E-04 4.0366-04 6.4076 01 
132 I 0.02450 1.558E-04 5.063E-04 6.193E 01 
136 I 0.03446 1.639E-04 5.6335-04 6.2746 01 
141 1 0.03208 1.722E-04 6.6369-04 6.228E 01 
148 1 0.03869 1.814E-04 7.556E—04 6.2656 01 
152 I 0.03607 1.914E-04 8.4206-04 6.3546 01 
203 I 0.04010 2.0076-04 9.8146-04 6.311E 01 
209 t 0.03766 2.1206-04 1.043E-03 6.5036 01 
214 1 0.04228 2.224E-04 1.194E-03 6.492E 01 
223 1 0.05014 2.345E-04 1.342E-03 6.5536 01 
237 2 0.05028 2.4646-04 1^5626-03 6.5126 01 
243 2 0.04722 2.5996-04 1.730E-03 6.5996 01 
248 2 0.04277 2.7226-04 1.944E-03 6.6126 01 
255 2 0.05877 2.8866-04 2*204E-03 6.6726 01 
258 2 0.05398 3.0476-04 2.511E-03 6.6956 01 
303 2 0.06332 3.2146-04 2.866E-03 6.7076 01 
308 2 0.05783 3.4076^04 3.2806-03 6.7376 01 
314 2 0.07497 3.6186-04 3.7766-03 6.7616 01 
321 2 0.06705 3.8526-04 4.4786-03 6.7306 01 
330 2 0.07845 4.0726-04 5*1026-03 6.7476 01 
338 2 0.08440 4.342E-04 5.9076-03 6.7746 01 
346. 2 0.07251 4.6066-04 6.7716-03 6.7926 01 
355 2 0.09703 4.8946-04. 7.8376-03 6.7966 01 
418 2 0.08635 5.2026-04 9.1216-03 6.7866 01 
422 2 0.10261 5.5366-04 1.0606-02 6.784E 01 
428 2 0.0B953 5.8766-04 1.2246-02 6.780E 01 
433 ? 0. 10036 • 6.2366-04 1.4116-02 6.7756 01 
438 2 0.10688 6.6216-04 1.637E-0? 6.752E 01 
0.55400 6.613E-04 
0.58260 7.608F-04 
0.61137 6.6026-04 
0.63732 7.944E-04 
0.66913 8.4196-04 
0.70149 9.4596-04 
0.73679 1.026E-03 
0.77475 1.0876-03 
0.R0981 1.2126-03 
0.85160 1.225F-03 
0.88944 1.3436-03 
0.93319 1.4386-03 
0.97570 1.6016-03 
1.02281 1.691E-03 
1.06543 1.824E-03 
1.12118 I.9666-03 
1.17505 2.137E-03 
1.23015 2.3306-03 
1.29261 2.5386-03 
1.35949 2.7786-03 
1.43240 3.1266-03 
1.49984 3.4026-03 
1.58106 3.736E-03 
1.65927 4.0816-03 
1.74304 4.4966-03 
1.83087 4.9826-03 
1.92441 5.5096-03 
2.01760 6.0666—03 
2.11368 6.6746-03 
2.21364 7.393F-03 
3.069E-01 
3.394EHD1 
3.7386-01 
4.062E-01 
4.477E-01 
4.921E-01 
S.429E-01 
6.00ZE-01 
6.S58F-01 
7.252E-01 
7.911E-01 
B.7D9E-01 
9.520E-01 
1.046E 00 
1.135E 00 
1.Z57E 00 
1.3BI£ 00 
1.513E 00 
1.671E 00 
t.84af 00 
2.0S2i 00 
2.250} 00 
2.500} 00 
2.753t 00 
3.0381 00 
3.352E 00 
3.?03f 00 
4.07If 00 
4.468( 00 
A.900ff no 
445 2 0.12050 7.099E-04 1.9056-02 6.7466 01 
455 2 0.12963 7.703E-04 2.2846-02 6.7216 01 
505 2 0.14402 8.324E-04 2.6676-02 6.7276 01 
509 2 0.12379 8.991E-04 3*2236-07 6.6446 01 
514 2 0.13682 9.662E-04 3-7046-02 6.6446 01 
519 1 2 0.14336 1.041E-03 4.3266-02 6.612E 01 
528 2 0.08402 1.1046-03 4.9116-02 6.5716 01 
532 2 0.14954 1.1766-03 5.5846-02 6.54DE 01 
537 2 0.16119 1.2756-03 6.5866-02 6.4936 01 
544 2 0.14534 1.377E-03 7.6816-02 6.4466 01 
547 2 0.17383 L.4936-03 8.9986-02 6.3986 01 
5S2 2 0.19833 1.6366-03 1.0766-01 6.3366 01 
557 2 0.16977 1.7666-03 1,2676-01 6.2876 01 
606 2 0.21936 1.9546-03 li509E-01 6.2136 01 
610 2 0.24876 2.1716-03 1.8366-01 6.1356 01 
617 2 0.21056 2.4066-03 2.1676-01 6.1026 01 
621 2 0.26149 2.6756-03 2.5576-01 6.0716 01 
625 2 0.22516 2.9756-03 3.0346-01 6.0176 01 
630 2 0.25507 3.2896-03 3.5566-01 5.9646 01 
635 2 0.27246 3.6606-03 4.134E-01 5.9346 01 
650 2 0.27468 4.3336-03 5.2386-01 5.869E 01 
652 2 0.24054 4.7766-03 5.9716-01 5.8296 01 
655 2 0.31262 5.2886-03 6.9416-01 5.748E 01 
2.32638 8.1896-03 
2.46240 9.2756-03 
2.59505 1.0286-02 
2.73032 1.181E-02 
2.85978 1.2956-02 
2.99698 1.443E-02 
3.10729 1.580E-02 
3.22777 1.7306-02 
3.38562 1.945E-02 
3.53813 2.171E-02 
3.70195 2.4316-02 
3.89204 2.765E-02 
4.07776 3.106E-02 
4.27249 3.5326-02 
4.50570 4.0756-02 
4.73855 4.5726-02 
4.98575 5.1296-02 
5*23844 5-792E-02 
5.48368 6.484E-02 
5.75064 7.188E-02 
6.18708 8.4656-02 
6.44650 9.263E-02 
6.72503 1.0326-01 
5.412E 00 
6.063E 00 
6.734E 00 
7.4S5E 00 
8.178E 00 
8.982E 00 
9.655E 00 
1.042E 01 
1.146E 01 
1.252E 01 
1.370E 01 
1.515E 01 
1.663E 01 
1.825E 01 
2.030E 01 
2.24SE 01 
2.486E 01 
2.744E 01 
3.007E 01 
3.307E 01 
3.828E 01 
4.IS6E 01 
4.523e 01 
SPECIFIC HEAT 
ME3 G2188, V»13.T1 
TF*12.348, PF« N.N. 
N» 8.;880E-02 HOLES 
NOTE - IF N=l.OOOO,C»HEAT CAPACITY 
INSTEAD OF SPECIFIC HEAT. 
POINT THERM. DELTA T 
(DEGI 
ADDENDA 
(CAL/DEG) 
C 
(CAL/MOLE-DEG) 
OEBYE THETA 
(DEG) 
1124 1 0.01909 1.133E-04 7.039E-05 8.718E 01 
1126 1 0.01938 1.226E-04 3.645E-05 1.176E 02 
1131 1 0.03095 1.425E-04 1.892E-04 7.888E 01 
1133 1 0.02714 1.558E-04 2.810E-04 7.540E 01 
1137 1 0.03076 1.705E-04 3il07E-04 7.944E 01 
1145 1 0.03170 1.90BE-04 4.628E-04 7.733E 01 
1150 1 0.03826 2.059E-04 5.686E-04 7.748E 01 
1157 1 0.03560 2.226E-04 6.007E-04 8.172E 01 
1206 2 0.04023 2.399E-04 7.226E-04 8.220E 01 
1214 2 0.04379 2.552E-a4 9.051G-04 8.058E 01 
1225 2 0.04676 2.715E-04 1.071E-03 8.048E 01 
1243 2 0*05656 3.110E-04 1.340E-03 8.400E 01 
1256 2 0.06817 3.683E-04 1.943E-03 8.563E 01 
115 2 0.07537 4.366E—04 2.866E-03 8.659E 01 
129 2 0.09871 5.234E-04 4.463E-03 8.655E 01 
146 2 0.11413 6.185E-04 6.688E—03 8.633E 01 
206 2 0.11811 7.498E-04 1.006E-02 8.670E 01 
229 2 0.12468 9.326E-04 1.569E-02 8.648E 01 
256 2 0.15704 1.168E-03 2.38flE-0? 8.647E 01 
318 2 0.17637 1.469E-03 3.6602-07 8.559E 01 
327 2 0.18546 1.59RE-03 4.272E-02 8.512E 01 
341 2 0.19153 1.745E-03 5.018E-02 R.456E 01 
351 2 0.21090 1.911E-03 S.929E-0Z 8.3896 01 
356 2 0.23975 2.121E-03 7.235E-07 8.277E 01 
T C/T 
(DEG) (CAL/MOLE-DEGS 
0.46480 1.S14E-04 
0.50350 7.240E-05 
0.58473 3.236F-04 
0.63765 4.406E-04 
0.69470 4.472F-04 
0.77241 5.992E-04 
0.82887 6.860E-04 
0.89036 6.747E-04 
0.95241 7.587E-04 
1.00645 8.993E-04 
1.06314 1.007E-03 
1.19579 1.121E-03 
1.37981 1.408E-03 
I.58820 1.804E-03 
1.84011 2.426E-03 
2.10021 3.184E-03 
2.41702 4.164E-03 
2.79579 5-613E-03 
3.21526 7.427R-03 
3.66928 9.974E-03 
3.84235 1.112E-02 
4.02744 1-246E-02 
4.22391 1.404F-02 
4.45321 1.625E-02 
TSO 
(OEGSQI 
2.160E-C» 
2.S35E-01 
3.419E-0I 
4.066E-0I 
4.826E-01 
5.966E-01 
6.H70E-01 
7.927E-01 
9.071E-Oi 
1.013E @0 
1.130E SO 
1.430E CO 
1.904E CO 
2.522É 00 
3.3B6E 00 
4.411E 00 
S.842E CO 
7.B16E 00 
1.034E 01 
1.346E 01 
1.476E 01 
1.622E 01 
1-784E ai 
1.983E 01 
406 2 0.21014 2.3406-03 8.4646-02 8.2466 01 
411 2 0.27055 2.S90E-03 9.9316-02 8.210E 01 
418 2 0.73636 2.879E-03 1.1866-01 8.1316 01 
425 2 0.25362 3.1966-03 1.4126-01 8.0496 01 
435 2 0.27563 3.563E-03 1.6076-01 8.0916 01 
440 2 0.27039 3.9656-03 2.0066-01 7.8716 01 
445 2 0.31784 4.4326-03 2.285E-01 7.901E 01 
451 2 0.33795 4.9936-03 2.7086-01 7.842E 01 
506 2 0.36834 5.6486-03 3.2126-01 7.7836 01 
511 2 0.31766 6.3856-03 3*7746-01 7.734E 01 
517 2 0.40532 7.2246-03 4.4166-01 7.688E 01 
520 2 0.34891 8.1706-03 5.1396-01 7.6446 01 
531 2 0.40715 9.193E-03 5.912E-01 7.6046 01 
537 2 0.35470 1.030E-02 6. 8256- 01 7.5326 01 
553 2 0-45471 1.167E-02 7.8996-01 7.4716 01 
558 2 0.40137 1.317E-02 8.9716-01 7.4436 01 
60S 2 0.47115 1.480E-02 1.021E 00 7. 3856 01 
611 2 0.25942 1.623E-02 1.165E 00 7.2366 01 
4.67490 
4.90972 
5-15987 
5,41318 
5.68301 
5.95573 
6.24638 
6.56733 
6.90885 
7.25955 
7.62501 
8.00287 
8.37872 
8.75577 
9.18668 
9.62668 
10.07446 
10.44581 
1.811E-02 
2.023E-02 
2.299E-02 
2.608E-02 
2.8286-02 
3.369E-02 
3.658E-02 
4.123E-02 
4.649E-02 
5.198E-02 
5-791E-02 
6.421E-02 
7.056E-02 
7.795F-02 
8.598E-02 
9.319E-02 
1-014E-01 
1.115E-01 
2.IBS 01 
2.4iaa 01 
2.6^ 01 
2.93IE 01 
3.23rE 01 
3.54T/E 01 
3.9DEE 01 
4.313€ 01 
4.773E 01 
5.273E 01 
5.aiv€ 01 
6.4D5E 01 
7.0206 01 
7.6«fE 01 
8.44IE 01 
9.26RE 01 
1.01% 02 
l.OBUE 02 
SPECIFIC MEAT 
HE3 03125» Vll.42 
TF=22jl4j PF=35,100 
N« 1.8560E-01 MOLES 
NOTE - IF N=l«0000,C=HEAT CAPACITY 
INSTEAD OF SPECIFIC HEAT. 
POINT THERM. DELTA T 
IDEGI 
ADDENDA 
(CAL/OEG) 
C 
(CAL/MOLE-DEG) 
DEBYE THETA 
(DEC) 
X050 1 0.01266 5.337E-05 -3.257E-05 0.0 
<052 1 0.01244 5-437E-05 -3.024E-05 0.0 
1100 1 0.01162 S.568E-05 -2.066E-05 o
 
o
 
1102 1 0.01142 5.797E-05 -11924E-05 o
 
o
 
1106 1 0.01073 5.964E-05 -1.573E-06 0.0 
M14 1 0.01039 6.115E-05 —6.609E—06 0.0 
1117 1 0.01027 6.286E-05 -5.057E—06 0.0 
1122 I 0.00960 6.454E-05 -2.527E-06 0.0 
1129 1 0.01394 6.651E-05 —4.200E—06 0.0 
1136 1 0.01317 6.893E-05 -4.160E-06 0.0 
1140 1 0.01686 7.137E-05 —8.560E—06 0.0 
1144 I 0.01569 7.405E-05 -7.1128-06 0.0 
1149 1 0.01477 7.675E-05 -1.098E-05 0.0 
1153 1 0.02030 8.007E-0S -5.023E-06 0.0 
1200 1 0.01B77 8.319E-05 2.150E-07 4.781E 02 
1205 1 0.01708 6.637E-05 2.498E-06 2.202E 02 
1210 1 0.02051 8.988E-05 3.811E-06 1.999E 02 
1223 1 . 0.02357 9.391E-05 -4.342E-06 0.0 
1226 1 0.02126 9.814E-05 1.233E-06 3.203E 02 
1231 1 0.03091 1.031E-04 2.594E-06 2.636E 02 
109 1 0.01285 7.290E-05 1-621E-0S 8.713E 01 
Ml 1 0.01546 7.714E-05 5. 187E-05 6.340E 01 
114 1 0.01470 8.241E-05 3.827E-05 7-584E 01 
118 1 0.01374 8.848E-05 4. 129E-05 R.013E 01 
T C/T TS» 
IDEGI (CAL/HOLE-DEGSQ) (DEtSO) 
0.19085 -1.707E-04 3.6425-02 
0.20092 -1.505F-04 4.03fE-02 
0.21226 -9.731E-05 4.50I€-02 
0.22933 -8.389E-05 5.25tE-02 
0.24062 —6.537E-06 5.79@E-02 
0.25025 -2.641E-05 6.263Ç-02 
0.26072 -1.940E-05 6.79rE-02 
0.27065 -9.335E-06 7. 3256-02 
0.28199 -1.489E-05 7.952€-02 
0.29542 -1.408E-05 8.72%E-02 
0.30869 -2.773E-05 9.5fK-02 
0.32292 -2.203E-05 1.0«E'01 
0.33703 -3.259E-05 1.136E-01 
0.35405 -1.419E-05 l.25aE~0l 
0.36984 5.813E-07 1.3ia£-0l 
0.38576 6.475F-06 1.4Z8E-01 
0.40316 9.453E-06 1.6KE-01 
0.42297 -1.0276-05 1.7S9E-01 
0.44357 2.780E-06 1.9S3E-01 
0.46764 5.547F-06 2.1#%E-01 
0.28470 5.692E-05 8.105E-02 
0.30529 1.699F-04 9.Î20F-02 
0.33002 1.160E-04 l-C«9E-0l 
0-35761 1.15SE-04 1.279E-01 
122 1 0.01900 9.484E-05 5i766E-05 7.734E 01 
125 1 0.01636 1.009E-04 3.036E-OS 1.0236 02 
129 1 0.01661 1.067E-04 7.890E-0S 7.888E 01 
134 1 0.02114 1.137E-04 6.579E-05 8.948E 01 
137 1 0.01960 1.196E-04 8.552E-05 8.637E 01 
144 I 0-02291 1.267E-04 1.1456-04 8-303E 01 
148 I 0.02529 1.339E-04 1.5896-04 7.861E 01 
155 1 0.02381 1.420E-04 1.305E-04 8.893E 01 
202 I 0.03038 1.502E-04 1.6236-04 8.736E 01 
211 1 0.02834 1.590E-04 1.3786-04 9.746E 01 
216 I 0.02646 1.662E-04 1.8806-04 9.170E 01 
222 1 0.02535 1.731E-04 li9556-04 9.409E 01 
231 t 0.03574 1.809E-04 2.145E-04 9.508E 01 
237 1 0.03423 1.904E-04 2. 1146-04 1.002E 02 
247 1 0.04133 2.011E-04 2.536E-04 9.924E 01 
251 I 0.03826 2.I29E-04 3.122E-04 9.759E 01 
300 I 0.04600 2.263E-04 2.7926-04 1.071E 02 
311 2 0.05104 '2.405E-04 2i793E-04 1.131E 02 
316 2 0.04716 2.547E-04 3.563E—04 1.097E 02 
323 2 0.04236 2.680E-04 3.8206-04 1.122E 02 
331 2 0.05357 2.836E-04 3.9396-04 1.167E 02 
338 2 0.07924 3.030E-04 4.785E-04 1.158E 02 
344 2 0.07367 3.261E-04 5.148E-04 1.203E 02 
400 2 0.06450 3.516E-04 6.743E-04 1.172E 02 
10740 ? 0.07076 3.386E-04 5.5876-04 1.209E 02 
10750 2 0.08489 3.687E-04 6.9636-04 1.207E 02 
10800 2 0.07658 3.958E-04 7.758E-04 I.2356 02 
10805 2 0.07137 4.209E~04 8.732E-04 1.249E 02 
10815 2 0.08220 4.448E-04 9.963E-04 1.250E 02 
10821 2 0.07422 4.707E-04 1. 105E-03 1.265F 02 
0.38562 
0.41208 
0.43666 
0.46644 
0.49136 
0.52055 
0.54973 
0.58253 
0.61528 
0.64997 
0.67834 
0.70510 
0.73491 
0.77079 
0.81110 
0.85487 
0.90377 
0,95474 
1.00461 
1.05090 
1.10435 
1.16956 
1.24544 
1.32729 
1.28578 
1.38111 
1.46503 
1.54113 
1.61251 
1.68858 
1.494E-04 
7.372E-05 
1.806E-04 
1.410E-04 
1.741E-04 
2.199E-04 
2.890F-04 
2.241E-04 
2.637E-04 
2.120E-04 
2.772F-04 
2.772E-04 
2.918E-04 
2.743E-04 
3.126E-04 
3.652E-04 
3.089E-04 
2.925E-04 
3.547E-04 
3.635E-04 
3.S67E-04 
4.091E-04 
4.133F-04 
5.080E-04 
4.345E-04 
5.041F-04 
5.2958-04 
5.666C-04 
6.178E-04 
6.543F-04 
1.489F-01 
t.69S?-01 
t.90a?-OL 
2.17ffi-01 
2.4l«-0l 
2.7X%P-01 
3.02ffi-0l 
3.393-01 
3.7^-01 
4.22FE-01 
4.60QE--01 
4.9TZ-01 
5.41XE-01 
5.9VE-01 
6.5'BE-Ol 
7.3tHE-0l 
8.1Œ-01 
9.1BE-0i 
l.OQFB 00 
I.IWE 00 
1.2BE 00 
i-îÉre 00 
1.5RE 00 
1.7gE 00 
1.6FTE 00 
1.9WE 00 
2.146E 00 
2.3T5E 00 
2.630E 00 
2.%E 00 
10836 2 0.08078 4.991E-04 1.284E-03 1.262E 02 
10851 2 0.09613 5.299E-04 1.505E-03 1.256E 02 
10901 2 0.08518 5.633E—04 1.661E 03 1-276E 02 
10912 2 0.09114 5.947E-04 1.900E-03 1.274e 02 
10919 2 0.08394 6.271E-04 2.230E-03 1.259E 02 
10930 2 0.11449 6.660E—04 2.478E-03 1-272E 02 
10937 2 0.10383 7.114E-04 2.819E-03 1.277E 02 
10943 2 0.12365 7.622E-04 3.261E-03 1-277E 02 
11000 2 0.13762 8.237E-04 3.737E-03 1.286E 02 
11010 2 0.14287 8.907E-04 4.408E-03 1.282E 02 
11021 2 0.12727 9.579E-04 5.124E-03 1.278E 02 
11029 2 0.14838 1.029E-03 5.823E-03 1.281E 02 
11038 2 0.15996 I.I16E-03 6.7706-03 1.260E 02 
11050 2 0.15097 1.203E-03 7.641E-03 1.286E 02 
11058 2 0.17829 1.308E-03 8.844E-03 1.286E 02 
11105 2 0.15723 1.419E-03 1.017E-02 1.286E 02 
12114 2 0.17407 1.535E-03 1.162E-02 1.285E 02 
11121 2 0.18205 1.671E-03 1.343E-02 1.283E 02 
11131 2 0.21031 1.830E-03 1.566E-02 1.278E 02 
11139 2 0.18365 2.000E-03 1.848E-02 1.266E 02 
11208 2 0.24931 2.202E-03 2. 164E-02 1.261E 02 
11213 2 0.22125 2.443E-03 2.498E-02 1.265E 02 
11222 2 0.25281 2.705E-03 2.905E-07 1.263E 02 
11228 2 0.27023 3.025E-03 3.460E-02 1.255E 02 
11234 2 0.27128 3.381E-03 4.060E-02 1.251E 02 
11244 2 0.30077 3.822E-03 5.020E-02 1.231E 02 
11255 2 0.26776 4.258E-01 5.683E-02 1.237E 02 
IGlOl 2 . 0.51017 4.909E-03 6.968E-02 1.227F 02 
10111 2 0.34340 5.744C-01 8.660E-02 1.218E 02 
10115 2 0.29675 6.454E-03 1.022E-0I 1.206E 02 
1.77093 7.249E-04 3.136E 00 
1.85833 8.09BE-04 3-453e 00 
1.95121 8.5I0E-04 3.807E 00 
2.03681 9.327E-04 4.14% 00 
2.12295 1.050E-03 4.53TE 00 
2.22321 1.115E 03 4.943E oc 
2.32993 1.210E-03 5.429Ê 00 
2.44444 1.334E-03 5.97SE 00 
2.57686 1.450E-03 6.64CE 00 
2.71360 1.624E-03 7.364E 00 
2.84419 1.801E-03 6.089E 00 
2.97563 1.957E-03 8.65~E 00 
3.12751 2.165E-03 9. fSBE 00 
3.27181 2.336E-03 1.07*6 01 
3.43513 2.575E-03 1.18IIIE 01 
3.59849 2.828E-03 1.295E 01 
3.75960 3.091E-03 1.413E 01 
3.93604 3.411E-03 1.54% 0-1 
. 4.12986 3.792E-03 1.7D6E 01 
4.32311 4.276E-03 1.869E 01 
4.53766 4.770F-03 2.05qe 01 
4.77388 5.232E-03 2.2T9E 01 
5.01157 5.797E-03 2.51ZE 01 
5.27896 6.554E-03 2.7B3E 01 
5.55190 7.312E-03 3.0B7E 01 
5.86147 8.564E-03 3.4îfiE 01 
6.14103 9.254E-03 3.77DE 01 
6.52076 1.069E-02 4.2526 01 
6.95625 1.245F-02 4.3Ï9E 01 
7.29082 1.401E-02 5.31fiE 01 
10123 2 0.34441 7.223E-03 lkl91E-0l 1.200E 02 
10130 2 0.37247 8.I29E-03 1.396E-01 I.I92E 02  
10140 2 0.38813 9.150E-03 li628E-0l 1 1.186E 02  
10147 2 0.40373 1.031E-02 1.928E-01 1.173E 02 
10152 2 0.51154 l.ieiE-02 2.308E-01 1.164E 02 
10157 2 0.44308 1.347E-02 2.702E-01 1.161E 02 
10203 2 0.50998 1.524E-02 3.156E-01 1.155E 02 
10217 2 0.43944 1.713E-02 3.664E-01 1.149E 02 
10222 2 0.48482 1.911E-02 4.211E-01 1.143E 02 
10227 2 0.50907 2.133E-02 4.836E-01 1.137E 02 
10237 2 0.59436 2.394E-02 5.559E-01 1.133E 02 
10245 2 0.52458 2.671E-02 6.337E-01 1.129E 02 
10251 2 0.58359 2.975E-02 7.157E-01 1.125E 02 
10302 2 0.66889 3.349E-02 8-120E-01 1.120E 02 
10310 2 0-73374 3.828E-02 9.205E-01 1.120E 02 
10318 2 0.77146 4.383E-02 1.049E 00 1.116E 02 
10328 2 0.68994 4.970E-02 1.164E 00 1.117E 02 
10336 2 0.82356 5.626E-02 1.296E 00 1.114E 02 
10345 2 0.86810 6.423E-02 1.560E 00 1.06BE 02 
IN HCr-PvC l'.tAICSITÏC» 
7.62475 
7.98705 
. 8.36372 
8.75978 
9.23041 
9.71337 
10.19160 
10.67007 
11.14466 
11.64957 
12.20980 
12.76823 
13.31783 
13.92722 
14.63998 
15.39309 
16.12090 
16.86577 
17.69350 
1.562E-02 
1.748E-02 
1.946E-02 
2.201F-02 
2.500E-02 
2.781E-02 
3.097E-02 
3.434E-02 
3.778E-02 
4.151F-02 
4.553E-02 
4.963E-02 
5.374E-02 
5.830E-02 
6-288E-02 
6.817E-02 
7.219E-02 
7.683E-02 
8.817E-02 
5.014E 01 
6.379f 01 
6.99SE 01 
7.673E 01 
B.520E 01 
9.435E 01 
1.039E 02 
1.139E 02 
1.242E 02 
1.357E 02 
1-491E 02 
1.630E 02 
1.774E 02 
1.940E 02 
2.I43E 02 
2.369E 02 
2.599E 02 
2.845E 02 
3.131E 02 
SPECIFIC HEAT 
HEA 01096, V=12.21 
TF=16.78, PF=19,400 
N= 9.8400E-02 HOLES 
NOTE - IF N=1.0000,C=HEAT CAPACITY 
INSTEAD OF SPECIFIC HEAT. 
POINT THERM. DELTA T 
(DEC) 
ADDENDA 
ICAL/DEG) 
C 
(CAl/MOLE-DEG 
515 I 0.01090 5.785E-05 -1.I07E-05 
516 I 0.01216 5.828E-05 3.119E-05 
519 I 0.01044 5.869E-05 2.176E-05 
520 I 0.01555 5.992E-05 1.516E-05 
522 I 0.01131 5.977E-05 -3.442E-05 
523 I 0.01063 6.119E-05 -1.193E-05 
524 1 0.015*15 6.279E-05 -I.060E-05 
532 1 0.01462 6.545E-05 4.321E-07 
533 I 0.01865 6.842E-05 -2.676E-06 
538 1 0.02243 7.081E-05 2.206E-06 
541 1 0.01941 7.431E-05 2.301E-06 
546 1 0.01845 7.702E-05 1.256E-05 
548 1 0.01584 8.005E-05 4.663E-07 
551 I 0.02380 B.386E-05 1.278E-05 
554 1 0.02253 8.837E-05 1.923E-05 
557 I 0.02125 9.265E-05 3.055E-05 
603 1 0.02248 9.480E-05 1-640E-06 
623 I 0.02202 9.744E-05 1.567E-05 
625 1 0.02935 1.021E-04 2.550E-05 
627 1 0.02790 1.067E-04 1.542E-05 
631 1 0.02475 1.108E-04 3-843E-05 
632 1 0.02286 1.146E-04 6.636E-05 
635 I 0.02760 1.186E-04 4.64IE-05 
638 1 0.02658 1.217E-04 6.143E-05 
)E6YE THETA T C/T TSO 
(DEG) (DEG) (CAL/.HQLE-DEGSQ) (DEGSO) 
0.0 0.22848 -4.846E-05 5.220E-02 
5-695E 01 0.23149 1.348E-04 5.359E-02 
6.500E 01 0.23431 9.286E-05 5.490E-02 
7.587E 01 0.24243 6.252E-05 5.877E-02 
0.0 0.24144 -1.426E-04 5.829E-02 
0.0 0.25052 —4.762E—05 6.276E-02 
0.0 0.26028 -4.072E-05 6.775E-02 
2.826E 02 0.27592 1.566E-06 7.613E-02 
0.0 0.29262 —9.146E—06 8.563E-02 
1.818E 02 0.30566 7.216E-06 9.343E-02 
1.902E 02 0.32430 7.095E-06 1.052E-01 
1.128E 02 0.33842 3.710E-05 1. 145E-01 
3.535E 02 0.35399 1.317E-06 1.253E-01 
1.236E 02 0.37323 3.424E-05 1.393E-01 
1.144E 02 0.39572 4.859E-05 1.566E-01 
1.033E 02 0.41678 7.330E-05 1.737E-01 
2.806E 02 0.42729 3.837E-06 1.826E-01 
1.362E 02 0.44016 3.560E-05 1.937E-01 
1.217E 02 0.46257 5.512E-05 2.140E-01 
1.509E 02 0.48494 3.181E-05 2.352E-01 
1.158E 02 0.50447 7.618E-05 2.545E-01 
9.998E 01 0.52267 1.270E-04 2.732E-01 
1.16BE 02 0.54179 8.567E-05 2.935E-01 
1.092E 02 0.55612 1.105E-04 3.093E-01 
643 0.0261M 1.279E-04 7.190E-05 
641 n.02618 1.279E-04 7.190E-05 
645 0.02484 1.31AE-04 1.075E-04 
646 0.02894 1.347E-04 1.197E-04 
653 0.02126 1.382E-04 1.334E-04 
655 0.03412 1.420F-04 1.528E-04 
714 0.05241 1.429E-04 1.217E-04 
716 0.05051 1.493E-04 1.628E-04 
720 0.04495 1.550E-04 1-570E-04 
722 0.0431? 1.608E-04 1.85SE-04 
725 
749 
0.03614 
0.03455 
1.671E-04 
9.890E-05 
2.2HE-04 
7.354E-05 
751 0.02046 1.099E-04 9.654E-05 
752 0.02916 1.184E-04 7.360E-05 
756 0.02625 1.316E-04 7.690E-05 
757 0.02465 1.391E-04 8.9046-05 
758 0.02289 1.466E-04 1.271E-04 
800 0.02858 1.552E-04 1.559Ê-04 
802 0.02879 1.639E-04 4.690E-05 
803 0.03101 1.723E-04 2.49SF-04 
805 0.03310 1-822E-04 3.854E-04 
808 0.03299 1.927E-04 2.861E-04 
813 0.04902 2.065E-04 4.154E-04 
815 0.04633 2-201E-04 4.256E-04 
818 0.04314 2.326E-04 4.975E-04 
824 0.04048• 2.437F-04 5.747E-04 
827 0.03825 2.537E-04 6.490E-04 
8 30 0.04341 2.638E-04 7.530E-04 
833 0.04151 2.746E-04 7.523E-04 
836 0.06600 2.881E-04 7.788E-04 
1.091E 02 0.58578 1.227E-04 3.431E-01 
1.091E 02 0.58578 1.227E-04 3.431E-01 
9-820E 01 0.60294 1.783E-04 3.635E-01 
9.708E 01 0.61770 1.937E-04 3.816E-01 
9.611E 01 0.63416 2.104E-04 4.0226-01 
9.445E 01 0.65198 2.343E-04 4.251E-01 
1.026E 02 0.65629 1.855E-04 4.307E-01 
9.729E 01 0.68599 2.373E-04 4.706E-01 
1.023E 02 0.71282 2.202E-04 5.081E-01 
1.005E 02 0.73996 2.507E-04 5.475E-01 
9.852E 01 0.76926 2.874E-04 S.9iaE-0l 
7.459E 01 0.40349 1.8236-04 1.628E-01 
7.603E 01 0.45039 2.143E-04 2.028E-01 
8.981E 01 0.48601 1.514E-04 2.362E-01 
9.844E 01 0.54053 1.4236-04 2.922E 01 
9.902E 01 0-57093 1.5606-04 3.2606-01 
9.256E 01 0.60087 2.1156-04 3.610E-01 
9.136E 01 0.63496 2.456E-04 4.032E-01 
1.437E 02 0.66924 7.008F-05 4.479E-01 
8.637E 01 0.70193 3.552E-04 4.9276-01 
7.B74E 01 0.73988 5.209E-04 5.474Î-01 
9.162E 01 0.77953 3.670E-04 6.077E-01 
8.629E 01 0.83133 4.996E-04 6.911E-01 
9.071E 01 0.88110 4.831E-04 7.763E-01 
9.053E 01 0.92630 5.3716-04 8.580E-01 
8.997E 01 0.96584 5.950E-04 9.329E-01 
8.958E 01 1.00143 6.481E-04 1.003E 00 
8.823E 01 1.03649 7.2656-04 1.074E 00 
9.143E 01 1.07379 7.006E-04 1.1S3E 00 
9.424E 01 1.11959 6.956E-04 1.2S3E 00 
842 1 0.06082 3.007F-04 9. 628E-04 9.112E 01 
844 1 0.0683S 1.17SE-04 I. 067C-03 9.226F 01 
1E214 2 0.03559 2.643E-04 5. 028E-04 l.OllE 02 
11216 2 0.04755 2.7986-04 6. 373E-04 9.823E 01 
11223 2 0.04235 2.977F-04 9. 094E-04 9.207E 01 
11225 2 0.05314 3.118E-04 1. 016E-03 9.233E 01 
11227 2 0.05092 3.267E-04 1. 070E-03 9.444E 01 
11230 2 0.07020 3.438E-04 1. 267E-03 9.321E 01 
11236 2 0.06160 3.619E-04 1. 450E-03 9.303E 01 
11238 2 0.05760 3-815E-04 1. 622E-03 9.367E 01 
11242 2 0.07102 4.030E-04 1. 852E-03 9.377E 01 
11245 2 0.08239 4.258E-04 2. 0B3E-03 9-436E 01 
11252 2 0.07058 4.464E-04 2. 375E-03 9.388E 01 
11256 2 0.09859 4.773E-04 2. 668E-03 9.536E 01 
11258 2 0.11548 S.132E-04 3. 244E-03 9.475E 01 
10103 2 0.10129 5.484E-04 3. 745E-03 9.525E 01 
10110 2 0.09176 5.865E-04 4. 424E-03 9-505E 01 
10117 2 0,08291 6.170E-04 S. 093E-03 9.436E 01 
10753 2 0.07849 6.315E-04 5. 389E-03 9.428E 01 
10756 2 0.07265 6.594E-04 5. 9I0E-O3 9.451E 01 
10758 2 0.06140 6.821E-04 I. 174E-02 7.713E 01 
10803 2 0.11816 7.288E-04 7. 345E-03 9.442E 01 
10806 2 0.10759 7.760E-04 8. 309E-03 9.463E 01 
10609 2 0.11296 8.265E-04 9. 307E-03 9.509E 01 
10815 2 0.12176 8.ei9E-04 1. 077E-02 9.454E 01 
10820 2 0.11819 9.362E-04 1. 231E-02 9.401E 01 
10823 2 0.14209 1.004E-03 1. 375E-02 9.471E 01 
10825 2 0.15891 1.080E-03 1. 576E-02 9.471E 01 
10827 2 0.14356 1.155E-03 1. 792E-02 9.450E 01 
10835 2 0.14375 1.738E-03 2. 061E-02 9.399E 01 
1.16175 
1.21743 
1.03812 
1.09150 
1.15183 
1.19868 
1.24726 
1.30240 
1.35975 
1.42114 
1.48701 
1.55610 
1.61740 
1.70791 
1.81106 
1.90993 
2.01475 
2.09631 
2.13446 
2.20639 
2.26357 
2.36981 
2.47481 
2.58263 
2.69602 
2.80268 
2.92974 
3.06633 
3.19315 
3.32717 
8.288F-04 
8.766E-04 
4.843E-04 
5.839E-04 
7.895E-04 
8.480E-04 
8.579E-04 
9-730E-04 
1.067E-03 
1.141E-03 
1.245E-Û3 
1.339E-03 
1.469E-03 
1.562E-03 
1.791E-03 
1.961E-03 
2.196E-03 
2.429E-03 
2.525E-03 
2.679E-03 
5.187E-03 
3.099E-03 
3.358E-03 
3.604E-03 
3.995E-03 
4.391E-03 
4.692E-03 
5.141E-03 
5.612E-03 
6.19SE-03 
1.350E CO 
1.4A2E OO 
1.078E @0 
1.191E ao 
1.327E ao 
1.437E 00 
1.5S6E 00 
1.696E @0 
1.849E 00 
2.020E «0 
2.211E 90 
2.421E 00 
2.616E 00 
2.917E 00 
3.280E 00 
3.648E 00 
4-059E 00 
4.395E 00 
4.556E 00 
4.668E 00 
5.124E 00 
5.616E 00 
6.12SE 00 
6.670E 00 
7.269E 00 
7.855E QO 
8.583E DO 
9.402E 00 
1.020E 01 
1.107E ,01 
10B"i8 2 0.1700R 1.335E-03 2.38eE-02 9.349E 01 
10841 2 0,18963 1.446E-03 2.736E-02 9.349E 01 
10845 2 0.15227 1.563E-03 3.150E-02 9.309E 01 
10848 2 0.16232 1.694C-03 3.622E-02 9.279E 01 
10850 2 0.18002 1.835F-03 4.180E-02 9.2296 01 
10910 2 0-28536 2.029E-03 5.074E-02 9.110E 01 
10912 2 0.24240 2.292E-03 6.200E-02 9-055E 01 
10916 2 0.20738 2.548E-03 7.269E-02 9.039E 01 
10918 2 0.22503 2.801E-03 8.490E-02 8.977E 01 
10920 ? 0.19527 3.066C-03 9.809E-02 8.919E 01 
10927 2 0.20490 3.342E-03 1.129E-01 8.847E 01 
10910 2 0.29444 3.696E-03 1.310E-01 8.806E 01 
10939 2 0.25344 4.U7E-03 1.538E-01 8.747E 01 
10942 2 0.26781 4.540E-03 1.760E-01 8.716E 01 
10949 2 0.23645 4.962E-03 2.006E-01 8.658E 01 
10952 2 0.26438 5.414E-03 2.261E-01 8.620E 01 
10959 2 0.38639 6.038E-03 2.630E-01 8.560E 01 
11003 2 0.33048 6.B38E—03 3.lOOE-Ol 8.507E 01 
11006 2 0.36119 7.670E-03 3.578E-01 8.473E 01 
llOlO 2 0.37711 8.626E-03 4- 127E-01 8-440E 01 
11012 2 0.33499 9.617E-03 4.691E-01 8.414E 01 
11017 2 0.38865 1.068E-02 5.401E-0I 8.329E 01 
11020 2 0.34810 1.184E-02 6.036E-01 8.320E 01 
11023 2 0.39346 1.307E-02 6.684E-01 8.323E 01 
11026 2 0.35613 1.437E-02 7.376E-01 8.319E 01 
11057 2 0.32591 1.53BE-02 7.988E-01 8.282E 01 
11101 2 0.35741 1.672E-02 8.746E-01 8.255E 01 
11105 2 0.40828 1.826E-02 9.560E-0I 8.247E 01 
11113 2 0.36986 1.987E-02 1.043E 00 8.225E 01 
11116 2 0.34517 2.145E-02 1.129E 00 8.199E 01 
3.47619 6.870E-03 1.208E 01 
3.63739 7.522E-03 1-323E 01 
3.79620 R.299E-03 1.441E 01 
3.96438 9.137E-03 1.572E 01 
4.13584 l.OllE-02 1.71IE 01 
4.35504 1.165E-02 1.897E 01 
4.62771 1.340E-02 2.142E 01 
4.87115 1:4926-02 2.373E 01 
5.09467 1.666E ~02 2.596E 01 
5.31160 1.847E-02 2,821£ 01 
5.52293 2.045E-02 3.050E 01 
5.77563 2.267E-02 3.336E 01 
6.05315 2,540E-02 3.664F 01 
6.31064 2.788E-02 3.982E 01 
6.55019 3-062E-02 4.290E 01 
6.79013 3.330E-02 4.611E 01 
7.09824 3.706E-02 5,039E 01 
7.46103 4.155E-02 5.567E 01 
7,80712 4.582E-02 6.095E 01 
8.17416 5.049E-02 6.6821 01 
8.52657 5.502E-02 7.2705 01 
8.87885 6.083E-02 7.883F 01 
9,23845 6.S36E-02 8.535E 01 
9.59933 6.963E-02 9.215E 01 
9.96111 7.405E-02 9.922E 01 
10.22839 7.810E-02 1.046E 02 
10.56854 8.276E-02 1.117E 02 
10.94585 8.734F-02 1.198E 02 
11.32185 9.215E-02 1,282£ 02 
11.67603 9.672E-02 1.363F 02 
11121 ? 0.320f>R 2.295E-02 1.207E 00 8.185E 01 12.00237 1.006E-01 1.441E 02 
11130 2 o.3isefl 2.440E-02 1.2A2E 00 8.167E 01 12.30495 1.042E-01 1.514E 02 
11132 2 0.371R2 2.609r-02 1.372E 00 8.133E 01 12.64568 1.085E-01 1-599E 02 
11136 2 0.54730 2.846E-02 1.4B7E 00 8.103E 01 13.09966 1.13SE-01 1.716E 02 
11140 2 0.31670 3.097E-02 1.605E 00 8.048E 01 13.52095 1.187E-01 1.A28E 02 
SPECIFIC HFAT 
HE4 01116, V=l?.23 
TF=16.78, PF=19,400 
N= 9.8400E-0? HOLES 
NOTE - IF N=1.0000,C=HEAT CAPACITY 
INSTEAD or SPECIFIC HEAT. 
POINT THERM. DELTA T 
(DEC) 
ADDENDA 
(CAL/DEG) 
C 
(CAL/MOLE-DEC 
133 1 0.00899 5.500E-05 -1.094E-05 
138 1 0.01120 5.576E-05 -1.597E-05 
140 I 0.01090 5.697E-05 -1.389E-05 
144 1 0.01563 5.827E-05 -8.940E-06 
157 1 0.00600 5.742E-05 -2.496E-05 
158 1 O.OlllO 5.858F-05 -1.570E-05 
202 1 0.01056 5.984E-05 -3.433E-06 
205 , 1 0.01027 6.119E-05 -4.097E-06 
209 I 0.00941 6.267E-05 3.499E-06 
211 1 0.01433 6.439E-05 2.062E-07 
215 1 0.01348 6.635E-05 5.058E-06 
221 1 0.01298 6.803E-05 6.496E-06 
225 I 0.01208 6.989E-05 7.058E-06 
226 1 0.01550 7.233E-05 7.352E-06 
231 1 0.01399 7.549E-05 4.854E—06 
233 I 0.01369 7.772E-05 5.339E-06 
. 241 1 0.01513 8.036E-05 1.657E-05 
2 43 I 0.01495 6.284E-05 2.608E-06 
247 1 0.01450 8.549E-05 7.148E-06 
249 1 0.01394• 8.840E-05 1.094E-05 
258 1 0.02391 9.095E-05 1.467E-05 
302 1 0.02219 9.480E-05 2.074E-05 
305 1 0.02094 9.808E-05 2.281E-05 
307 1 0.01882 1.015E-04 3.187E-05 
06BYE THETA' T C/T TSQ 
(OEG) (DEC) ICAL/HOLE-DEGSQ) (DEGSOl 
0.0 0.20659 -5.297E-05 4.268E-02 
o
 
o
 0.21289 -7.500E-05 4.532E-02 
0.0 0.22215 -6.254E-05 4.935E-02 
o
 
o
 
0.23139 —3.864E-05 5.354E-02 
o
 
o
 
0.22542 -1.107E-04 5.081E-02 
o
 
o
 
0.23356 -6.720E-05 5.455E-02 
o
 
o
 0.24191 -1.419E-05 5.852E-02 
o
 
o
 
0.25047 —1.636E—05 6.274E-02 
1.324E 02 0.25959 1.348E-05 6.739E-02 
3.537E 02 0.26982 7.640E-07 7.280E-02 
1.268E 02 0.28106 1.800E-05 7.899E-02 
1.206E 02 0.29050 2.236E-05 8.439E-02 
1.214E 02 0.30067 2.347E-05 9.040E-02 
1.250E 02 0.31364 2.343E-05 9.850E-02 
1.512E 02 0.3305b 1.469E-05 1.092E-01 
1.515E 02 0.34202 1.561E-05 I.170E-01 
1.080E 02 0.35556 4.660E-05 1.264E-01 
2.071E 02 0.36812 7.084E-06 1.355E-01 
1.533E 02 0.38140 1-874E-05 1.455E-01 
1.381E 02 0.39583 2.763E-05 1.567E-01 
1.792E 02 0.40842 3.591E-05 1.668E-01 
1.204E 02 0.42728 4.853E-05 1.826E-01 
1.210E 02 0.44327 5.146E-05 1.965E-01 
1.123E 02 0.45975 6.932E-05 2.114E-01 
344 1 0.0140S 
347 1 D.01186 
348 1 0*02161 
350 I 0*02942 
354 1 0.02693 
356 I 0.02418 
398 1 0.02254 
400 1 0*02144 
403 1 0*0205? 
405 1 0.03191 
409 1 0*03009 
411 1 0*04427 
415 1 0.04130 
417 1 0*03875 
4?3 1 0.03786 
424 1 0*03529 
430 1 -0*20697 
436 1 0.04679 
443 1 0*05657 
446 1 0.05274 
10810 2 0.02547 
10813 2 0.02924 
10815 2 0*04246 
10817 2 0*05000 
10823 2 0*05584 
10826 2 0*06400 
10911 2 0*06105 
10914 2 0*07819 
10917 2 0*05919 
10925 2 0*07388 
9.257F-05 2.1566-04 
1.006E-04 3.970E-05 
1.073E-04 6.3llE-n5 
1.169E-04 8.351E-05 
1.280E-04 9.165E-05 
l*367E-04 1.550E-04 
1.444E-04 1.776E-04 
1.517C-04 1.958E-04 
1.585E-04 l*994E-04 
1.667E-04 2.465E-04 
1.763E-04 2.738E-04 
1.868E-04 3*335E-04 
1.983F-04 3.810E-04 
2.083E-04 4.414E-04 
2.167E-04 4*195E-04 
2*25aE-04 4.871E-04 
2.683E-04 -3*194E-03 
2.441E-04 5.844E-04 
2*679E-04 7.269E-04 
2*811E-04 a.033E-04 
2.502E-04 3*669E-04 
2.640E-04 6.617E-04 
2*774E-04 6.697E-04 
2.942E-04 9.193E-04 
3.162E-04 1.188E-03 
3.366E-04 1.162E-03 
3.361E-04 1.240E-03 
3.560E-04 l*375E-03 
3.756E-04 l*604E-03 
4.138E-04 2*017E-03 
4.854E 01 0.37583 5.737F-04 1.412E-01 
9.329E 01 0.41093 9.661E-05 1.689E-01 
8*553E 01 0.43969 1.435E-04 1.933E-01 
8.506E 01 0.48008 1-739E-04 2.305E-01 
9.034E 01 0.52595 1.743E-04 2.766E-01 
8.093E 01 0*56136 2.762E-04 3.151E-01 
8.160E 01 0.59223 2.999E-04 3*537E-01 
8*286E 01 0*62123 3.151E-04 3.859E-01 
8.592E 01 0*64819 3.076E-04 4*202E-01 
8.400E 01 0*68008 3.625E-04 4.625E-01 
8.553E 01 0*71710 3.818E-04 5.142E-01 
8.459E 01 0.75745 4*402E-04 5*73TE-01 
6.552E 01 0.80052 4.760E-04 6*408E-01 
8.523E 01 0.83794 5*267E-04 7.021E-01 
8.988E 01 0*86877 4.828E-04 7.548E-01 
8.879E 01 0*90202 5.400E-04 8.136E-01 
0*0 1*05211 -3.036E-03 1.107E 00 
8.962E 01 0.96745 6.040E-04 9.360E-01 
9.050E 01 1.05074 6.918E-04 1.104E 00 
9.130E 01 1*09585 7*330E-04 1.201E 00 
1.070E 02 0.98898 3.710E-04 9.781E-01 
9.217E 01 1*03709 6*381E-04 1.076E 00 
9.508E 01 1*08314 6.183E-04 1*1738 00 
9.080E 01 1.13999 8.064E-04 1.300E 00 
8.869E 01 1*21290 9*7952-04 1.471E 00 
9.424E 01 1.27947 9.084E-04 1.637E 00 
9.211E 01 1*27762 9.702E-04 1.632E 00 
9*341E 01 1*34107 1.025E-03 1.798E 00 
9.282E 01 1*40283 1.143F-03 1*968E 00 
9.316E 01 1.51992 1.327E-03 2.310E 00 
10933 2 0.0573m 4.313E-04 2.130E-03 9.465E 01 
10936 ? 0.04842 4.477E-04 3.050E-03 8.657E 01 
10950 2 0.07099 4.85ZE-04 2.B35E-03 9.470E 01 
10957 2 0.07829 5.346E-04 3.558E-03 9.494E 01 
109S9 2 0.08935 5.634E-04 4.122É-03 9.426E 01 
11002 2 0.13981 5.817E-04 8.924E-05 3.469E 02 
11005 2 0.11347 6.281E-04 5.422E-03 9.370E 01 
11009 2 0.09860 6.665E-04 5.985E-03 9.489E 01 
11012 2 0.11103 7.083Ê-04 6.976E-03 9.414E 01 
11016 2 0.09260 7.494E-04 9.402E-03 8.866E 01 
11020 2 0.12728 7.976E-04 8.687E-03 9.499E 01 
11034 2 0.05930 8.332E-04 1.084E-02 9.086E 01 
11036 2 0.13549 8.968E-04 1.166E-02 9.308E 01 
11038 . 2 0.14283 9.856E-04 1.381E-02 9.349E 01 
11040 2 0.10410 1.085E-03 1.612E-02 9.423E 01 
11042 2 0.10967 1.176E-03 1.883E-02 9.396E 01 
11044 2 0.13105 1.274E-03 2.159E-02 9.410E 01 
11045 2 0.09663 1.371E-03 2.456E-02 9.403E 01 
11047 2 0.17163 1.478E-03 2.830E-02 9.354E 01 
11049 2 0.14979 1.606E-03 3.332E-02 9.274É 01 
11052 2 0.19855 1I75IE-O3 3.837E-02 9.266E 01 
11055 2 0.23036 1.929E-03 4.586E-02 9.182E 01 
11200 2 0.22201 1.984E-03 4.840E-02 9-150E 01 
11204 2 0.19720 2.158E-03 5.627E-02 9.079E 01 
11208 2 0.16678 2.370E-03 6.285E-02 9.068E 01 
11211 2 0.18663 - 2.S06E-03 7.108E-02 9.036E 01 
11214 2 0.16805 2.690E-03 7.970E-02 8.996E 01 
11230 2 0.29997 7.377E-03 3.390E-01 8.501E 01 
11234 2 0.32533 8.193E-03 3.864E-01 8.465E 01 
11237 2 0.34779 9.104E-03 4.391E-01 8.433E 01 
1.57244 1.354E-03 2.473É 00 
1.62113 1.R82E-03 2.6Z8E 00 
1.73078 1.638E-03 2.996E 00 
1.87146 1.901E-03 3.502E 00 
1.95156 2.112E-03 3.a09E 00 
2.00157 4.458E-05 4.006E 00 
2.12548 2.551E-03 4.518E 00 
2.22451 2.690E-03 • 4.948E 00 
2.32270 3.003E-03 5.395E 00 
2.41612 3.891F-03 5.838E 00 
2.52144 3.445E-03 6.358E 00 
2.59657 4.175E-03 6.742E 00 
2.72586 4.279E-03 7.430E 00 
2.89610 • 4.768E-03 8.387E 00 
3.07357 5.244E-03 9.447E 00 
3.22772 5.833E-03 1.042E 01 
3.38342 6.381E-03 1.145E 01 
3.52928 6.960E-03 1.246E 01 
3.68074 7.688E-03 1.355E 01 
3.85344 8.648E-03 1.485E 01 
4.03540 9.509E-03 1.628E 01 
4.24384 l.OaiE-02 1.801E 01 
4.30567 1.124E-02 1.854E 01 
4.49244 1.253E-02 2.018E 01 
4.65567 1.350E-02 2.168E 01 
4.83316 1.471E-02 2.336E 01 
4.99895 1.594E-02 2.499E 01 
7.68864 4.410E-02 5.91ZE 01 
8.01154 4.823E-02 6.418E 01 
8.34726 5.261E-02 6.968E 01 
11240 2 -0.40305 1.018E-02 -7.122E-01 0.0 8.71530 -8.171E-02 7.596E 01 
11256 2 0.56459 2.277E-02 1.192E 00 a.204E 01 11.96345 9.965E-02 1.431E 02 
11259 2 0.50838 2.539E-0Z 1.326E 00 8.172E 01 12.50684 1.060E-01 1.564E 02 
10102 Z 0.5519A 2.flllF-02 1.460E 00 8.136E 01 13.03516 1.120E-01 1.699E 02 
10105 2 0.58519 3.142E-02 1.611E 00 8.075E 01 13.59609 1.185E-01 1.849E 02 
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1228 1 0.0063* O.OOOE 00 6.S10E-05 O.OOOE 00 
1231 1 0.e36S0 0.0U3E 00 6.752E-05 O.OOOE 00 
1234 1 0.03825 O.OOOE 00 7.027E-05 O.OOOE 00 
1236 1 0.03807 U.OOOE 00 7.168B-05 O.OOOE 00 
1242 1 0.03787 O.OOOE 00 7.131E-0S O.OOOE 00 
1245 1 0.00746 O.OOOE 03 7.322E-05 O.OOOE 00 
1247 1 0.03753 O.OOOE 00 ' 7.4996-05 O.OOOE 00 
1250 1 0.00694 o
 
o
 
o
 
m
 
03 7.501E-05 O.OOOE 00 
1253 1 0.03689 O.OOOE 03 7.7066-05 O.OOOE 00 
1255 1 O.OIOOO O.OOOE 00 7.846ë-05 O.OOOE 00 
102 1 0.00958 O.OOOE 00 7.B59E-05 O.OOOE 00 
106 1 0.00025 O.OOOE 00 8» 166^-05 O.OOOE 00 
110 1 0.J1794 O.OODE 03 8.341E-05 O.OOOE on 
114 1 J.01563 O.OOOE 00 8,555E-05 O.OOOE 00 
117 1 0.01529 O.OOOE 00 8.819C-05 O.OOOE 00 
124 1 0.U1791 O.OOOE 00 9.035E-05 O.OOOE 00 
127 0.02137 O.OOOE 00 9.441E-05 O.OOOE 00 
13? 1 0.02285 O.OOOE 00 9.480E-05 O.OOOE 00 
134 1 3.02215 O.OOO.E 00 9.890E-05 O.OOOE 00 
137 1 0.0200a O.OOOE 00 I.020Ê-04 O.OOOE 00 
139 1 0.01931 O.OOOE 00 1.049E-04 O.OOOE 00 
143 1 0.02649 O.OOOE 00 1.087E-04 O.OOOE 00 
153 1 0.02562 O.OOOF 00 1.124E-04 O.OOOE 00 
153 1 0.0223? O.OOOE 00 l.l57fc-04 O.OOOE 00 
IS) 1 0.02845 3.00: E 00 1.214É-04 O.OOOE 00 
203 1 0.02399 O.OUJE •J IJ l.25dE-04 O.OOOE 00 
205 1 0.02822 O-OC-E :o l.34It-04 O.OOOE on 
^13 1 J ,JdT5 i  O.OOvE JÛ t.350E-04 O.OOOE cn 
?15 
1 J.-J5627 o.ou.*- : y j  1.469E-04 3.00OF ÙO 
211 ] U./S154 0, O'-Jv- r J'J 1.524E-34 0.000k 0'^ 
0. 28893 2.357E-04 
0. 29405 2.296E-04 
0. 30149 2.331E-04 
0. 30852 2.323E-04 
0. 31256 2.282E-04 
0. -32019 2.Z87E-04 
0. 32611 2.299E-04 
0. 33225 Z.258E-04 
0. 33914 2.272E-04 
0. 34604 2.268E-04 
0. 35065 2.241E-04 
0. 35971 2.270E-04 
0. 37040 2.252E-04 
0. 38351 2.231E-04 
0. 39636 2.225E-04 
0. 40507 2-.230E-04 
0. 42138 2.241E-04 
0. 4281/ 2.214E-04 
0. 44699 2.212E-04 
0. 46321 2.202E-04 
0. 48016 2. ias [ -04 
0. 49940 2.176E-04 
0. 51327 2.189E-04 
0. 53280 2.172E-04 
0. 55529 2.197E-04 
0. 57778 2.17BE-04 
0. 59988 2.23611-04 
0. 61954 2.17af-04 
0. 56230» 2.21%f-04 
3. 7012s 2.173,-04 
8.348E-02 
8.646E-02 
9.099^-02 
9-5l3c-02 
9.770^-02 
1.02SE-C1 
1.063C-U1 
l.lOtE-ùl 
UL5OE'0L 
1.197E-01 
1.230E-Ô1 
i-29«€-0i 
T.37âE-0l 
1-471E-01 
i,57lE-0l~ 
1.64U-01 
Ï.776E-01 
1.833E-C,i 
1.998E-0i 
2.l4*e-0l 
2.3O6E-01 
2.494E-01 
2.634E-01 
2.839E-01 
3.083E-01 
3.338E-01 
3.5946-01 
3.83SE-01 
4.3P&C-01 
222 Û.C4733 O O V 00 1.607E-04 O.OOOE 00 
;;25 D.041')2 o.oocç <10 I.705F-n4 O.OOOE 00 
0-01253 O.OOOE 03 7.652E-05 O.OOOE 00 
25/ 3.^1492 0.0o.:e 00 a.196E-05 O.OOOE 00 
0.^144S O.COOE 00 8.566E-05 O.OOOE 00 
402 0.U1341 O.OOOE 00 9.048E-05 O.OOOE 00 
304 U.J2511 o.oorif UO 9.661E-05 O.OOOE 00 
306 0.017*2 O.OOoE JO 1.021E-04 O.OOOE 00 
313 0.02173 O.OOOE 03 I. 117E-04 O.OOOE 00 
U2 0.02021 O.OOOE 00 l.l84E-n4 O.OOOE 00 
315 0.01948 O.OOOC 00 l,245E-04 O.OOOE 00 
31T 0.02850 O.OOOE 00 1.290E-04 O.OOOE 00 
319 0.02627 O.OOOE 00 1.384E-04 O.OOOE 00 
324 0.02489 O.DOJE 00 1.464E-04 O.OOOE 00 
324 U.02377 O.OOOE 00 1.542E-34 O.OOOE 00 
331 0.03021 
o
 
o
 
c
 00 1-6116-04 O.OOOE 00 
334 0.02935 O.OOOE ou 1.6696-04 O.OOOE on 
33f 0.03463 O.OOOE UO 1.7S5E-04 O.OOOC 00 
343 0.03972 
O
 
o
 03 I.8446-04 O.OOOE 00 
343 0.03717 O.OOOE OJ 1.9636-04 O.OOOE 00 
143 0.U3596 0.n03F 00 ?.9306-04 O.OOOE 00 
0.7408H Z.169P-04 5.4S-ÏC-ÛI 
0.77719 2.193E-04 6.1406-01 
0.30388 2.51BE-04 9.234-1-02 
0.32590 2.515E-04 1.0626-01 
0.34826 2-460C-04 1-213E-01 
0.37249 2.429G-04 1.3686-01 
0.39808 2.427E-04 1.5856-01 
0.42525 2-401E-04 1.8086-01 
0.45485 2.456E-04 2.">696-01 
0.48044 2.464C-04 2.308E-C1 
0.50494 2.465C-04 2.5506-01 
0.53369 2.4176-04 2.848E-GI 
0.56427 2.4526-04 3.184E-0I 
0.59585 2.4576-04 3.5506-Cl 
0.62651 2.4626-04» 3.9255-01 
0.65602 2.455E-04 4.3046-01 
0.68752 2.4276-04 4.72 76-01 
0.71995 2.438F-04 5.1836-01 
0.75609 2.4396-04 5.7176-01 
0.79393 2.472E-04 Ô.303C-CI 
0.32761 2.4536-04 6.8496 -1)1 
SPECIFIC HEAT 
CAL 01196 
N» l.COOOE 00 HOLES 
NHTE - IF N=1.00CO,C=HEAT CAPACIY 
INSTEAD OF SPECIFIC HEAT. 
POINT THERM. DELTA T 
lOEG) 
ADDENDA 
(CAL/DEG) 
c 
(CAL/PrLE-DEG) 
nCBYE THETA 
(DEC) 
31028 1 0.01425 O.COOE no 8.633E-05 q.OOOE CO 
31031 1 0.01911 O.OOOE CO 9.585E-05 O.OOOE 00 
31036 1 0.01646 O.COOE 00 1.0A8E-04 O.OOOE 00 
31042 1 0.02061 O.COOE CO 1.203E-04 O.OOOF 00 
31046 1 0.01855 O.OOOE CO 1.307E-04 O.OOOE 00 
31054 1 0.02514 O.OOOE 00 1.457E-04 O.OOOE 00 
31059 1 0.03016 O.COOE 00 1.619E-04 O.OOOE 00 
31107 1 0.03465 O.COOE CO 1.762E-04 O.OOOE 00 
31119 1 0.03158 O.OOOE CO 1.929E-04 O.OOOE 00 
31130 1 0*04064 O.OOOE 00 .2.10SE-04 O.OOOE 00 
31141 1 0.04323 O.OOOE CO 2.2516-04 O.OOOE 00 
31151 1 0.04542 O.OOOE 00 2.414E-04 O.OOOE 00 
31204 2 0.04722 O.OOOE 00 2-583E-04 O.OOOE 00 
31217 2 0.05323 O.COOE CO 2.7Î0E-04 O.OOOE CO 
848 2 0.03723 O.OOOE 00 2.585E-04 O.OOOE CO 
903 2 0.05912 O.COOE CO 2.782E-04 O.OOOE 00 
915 2 0.06393 O.OOOE 00 3.017E-04 O.OOOE CO 
931 2 0.05951 O.OOOE CO 3.249E-04 O.OOOE 00 
953 2 0.07052 O.COOE CO 3.420Ç-04 O.OOOE CO 
1012 a 0.06773 O.OOOE CO 3.552E-04 O.OOOE CO 
1040 
. 2 0.C7558 O.COOE CO 3.77IE-C4 O.OOOE 00 
1110 2 0.07664 O.OOOE ro 4.2A7E-04 O.OOOE CO 
112* 2 C.0807') O.COOE CO 4.618E-04 O.OOOE 00 
1154 % C.C7t9P O.CCOP CU 4.903E-04 O.OOOS CO 
1224 2 o.csyi o.cooe no S.UK-C4 n.oooç CC 
T C/T TSC 
(DEC) (CAL/MOLE-DEGSC) (DECSO) 
0.34359 2.513Ç-04 l.lBlE-01 
0.38934 2.4626-04 l.Slfc-Ol 
0.44585 2.441E-04 1.9eiE-01 
0.50170 2.3976-04 2.5176-01 
0.54726 2.388E-04 2.9*5£-01 
0.60572 2.406E-04 3.6ME-01 
0.65151 2.486E-04 4.2456-01 
0.71496 2.4646-04 5.1126-01 
0.77874 2.4776-04 6.0&46-01 
0.83951 2.5076-04 7.0496-01 
0.89828 2.5066-04 8.0«€-01 
0.95331 2.6326-04 9.0BOE-01 
1.00850 2.5626-04 1.0176 00 
1.06432 2.5476-04 1.1336 00 
1.02490 2.5236-04 1.0506 00 
1.08915 2.5546-04 1.1066 00 
1.16059 2.5996-04 1.3476 00 
1.22710 2.6486-04 I.5C66 00 
1.28873 2.654E-04 1.6M6 CO 
1.34427 2.6426-04 1.8C76 CO 
1.40445 2.6856-04 1.9T2E CO 
1.56966 2.7196-04 2.464E 00 
1.66001 2-781E-C4 2.7»1L CU 
1.73975 2.P1WE-C4 3.0?7r CO 
1.81318 2.P19C-C4 3.2f8C CO 
1257 2 0.08343 O.COOE 00 5.434E-04 O.OOOE CO 
130 2 0.10790 O.COOE 00 5.8946-04 O.OOOC 00 
207 0.09860 O.OOOE CO 6.2256-04 O.OOOE 00 
226 2 0.11672 O.CCOC 00 6.765E—04 O.OOOF CO 
301 . 2 o.iteof O.COOE CO 7.0596-04 O.OOOC CO 
10947 2 0.13410 O.COOE 00 8.3026-04 O.OOOE CO 
11013 2 0.14379 O.OOOC CO l-OllE-03 O.OOOE CO 
11050 2 0.16498 O.OOOE CO 1.2696-03 O.OOOC GO 
11115 2 0.1764 7 O.OOOE 00 1.629E-03 O.OOOE GO 
11147 2 0.22086 O.COOE 00 2.1066-03 O.OOOC 00 
11216 2 0.2415) O.COOE CO 2.7316-03 O.OCOC CO 
lOlCO 2 0.28499 O.OOOC 00 3-958E-03 O.OOOE 00 
10129 2 0.32218 O.OOOC GO 5.3206-03 O.OOOE 00 
102C4 2 0.37405 O.COOE CO 7.329E-03 O.OOOE 00 
10232 2 0.40036 O.COOE CO 1.0606-02 O.OOOE CO 
1C311 2 0.49851 O.OOOE CO 1.5146-02 O.OOOE 00 
10347 2 0.54631 0.0006 CO 2.170E-02 O.OOOE CO 
20247 2 0.60946 O.COOE CO 3.0426-02 O.OOOE 00 
20323 2 0.68144 0.C006 CO 4.4586-02 O.OOOE CO 
20341 2 0.83392 O.COOE CO 5.1216-02 O.OOOE 00 
20420 2 0.91146 O.OOOE CO 6.576E-C2 O.OOOE 00 
205CC 2 0.90748 O.OOOC CO 9.6736-02 O.OOOE 00 
ECU 
) 
1.89872 2.862E-04 
2.00574 2.938E-04 
2.12903 2.924E-04 
2.23847 3.C22E-C4 
2.35039 3.C03E-04 
2.57191 3.2286-04 
2.95221 3.4266-C4 
3.40145 3.7316-04 
3.88855 4.1906-04 
4.48776 4.692E-04 
5.11372 5.3406-04 
5.85584 6.759E-04 
6.68411 7.959Ê-04 
7.69042 9.53CE-04 
8.84394 1.1996-0i 
10.19241 1.485E-03 
11.74766 1.847E-C3 
13.42599 2.2666-03 
15-49232 2.8786-03 
16.29024 3.1436-03 
17.83866 3.687E-03 
20.48072 4.723E-C3 
3.6C5= CO 
4.021E 00 
4.533r CO 
5-OllE CO 
5.524= CO 
6.615E CO 
8.7I6E CO 
1.157E 01 
1.512E 01 
2.014E 01 
2-615E CI 
3.429E 01 
4.468E 01 
5-9146 01 
7-8226 01 
1.0396 02 
1.3806 02 
1.803E 02 
2.4CCE 02 
2-6546 02 
3.1S2E 02 
4.1456 02 
